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PETROLOGY OF THE HENNESSEY SHALE (PERMIAN), 
WICHITA MOUNTAIN AREA, OKLAHOMA 
INTRODUCTION 
Location and Description of Area 
This thesis is a mineralogic and petrographic study 
of the Hennessey Shale in parts of Greer and Kiowa Counties, 
Oklahoma. The area extends from Gotebo on the east to Brink -
man on the west and includes parts of T. 7 N. , Rs . 16 to 
20 W.; T. 6 N., Rs. 17 to 22 W.; and T. 5 N., Rs . 19 and 
20W. (figurel). 
The eastern two-thirds of the area is almost flat 
farmland, in places dissected by steep-sided, interm i ttent 
streams. To the west of Lake Altus and the westernmost 
granite peaks, the topography has a distinct badlands char -
acter, particularly along the Elm Fork of the Red River . 
Numerous siltstone beds, absent to the east, cause the 
development of minor scarps and benches . 
Soil development is good and, in many places, the 
Hennessey is covered by a thin veneer of residual gravel 
from the Tertiary terrace deposits. Agriculture is the main 
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crops, complementing cattle raising. 
The main structural element in the area is the Wichita 
Mountain uplift. The Hennessey Shale overlies the Wichita 
Formation; and, in the western one-half of the area, lies un-
conforrnably on the granite. Away from the mounta i ns, d i ps 
are low, commonly less than 1 degree. Near the mountains, 
dips from 5 to 15 degrees may be found. To the north, the 
Hennessey dips into the Anadarko Basin and to the northwest 
it covers the buried extension of the Wichita Mountains. 
Previous Investigations 
The only petrographic study to date on the Hennessey 
north and west of the mountains was done by Dr . R. L. Kerns 
(University of Oklahoma) who ran clay mineral identifications 
on several U. S. Army Corps of Engineers core holes wh i ch 
penetrated the Hennessey. These diffractograrns were examined 
by the writer. The remaining work on the Hennessey in this 
area is limited to field mapping and stratigraphic relat i on -
ships. 
Methods of Investigation 
Three general traverses were projected across the 
Hennessey outcrop: A, from Babbs Switch north to 2 miles 
north of Gotebo; B, from the vicinity of Dorne Mountain north 
to 3 miles east of Cambridge; and C, from the south end of 
Lake Altus northwest to Brinkman (figure 1). These traverses 
were planned to connect with U. S. Army Corps of Engineers 
4 
coreholes AL-1, AL-2, Gotebo, and Granite. 
Aerial photographs, scale 1:20,000, supplied by the 
Oklahoma Geological Survey, were then examined for outcrop s , 
Their locations along the three traverses were marked on 
topographic maps or county road maps and were then field-
checked . In the field other outcrops were located , Those 
outcrops which provided the most continuous sequence of the 
formation were then described and sampled. Due to the lack 
of outcrops in line B and the starting point for line C, line 
A is the only traverse that is fairly continuous from the top 
to the bottom of the Hennessey. Most of the samples come 
from outcrops from 1 to 15 feet thick on hillsides and in 
creek banks. Only three sections were measured; one, approx -
imately 100 feet at the top of the Hennessy in line A; and 
two sections, 120 and 125 feet in the upper part of the for-
mation in line C. The selection of prospective sample 
locations in line C was . facilitated by detailed field work 
done by Dr. K. S. Johnson for the as yet unpublished map of 
Southwestern Oklahoma by Ham and Johnson (Oklahoma Geological 
Survey). 
Mineralogical identification was accomplished by 
x-ray diffraction using Siemens and North American Phillips 
(Norelco) equipment and by a petrographic microscope . Addi-
tional data from a Norelco x-ray diffractometer equipped with 
a heating furnace and from a Robert L. Stone Company Model 
DTA-13M differential thermal analysis unit were used in 
s 
identification of the clay mineral suite. Three samples were 
separated into fractions of 1-4, ~-1 , ~-~ , and less than ~ 
micron equivalent spher i cal diameters by the use of a Lourdes 
Instrument Corporation continuous -f low high - speed centrifuge 
(Model LCA-1). Particle size distribution was determined 
using standard laboratory glassware, a set of U. S. Standard 
Sieve series with a ~ 0-unit interval, and a Ro - tap mach i ne . 
Heavy minerals were separated with tetrabromoethane, centri-
fuge, and a Frantz Isodynamic Separator. 
In all, 120 surface and 10 core samples were analyzed 
for clay minerals, S samples were examined on the diffrac-
tometer furnace, 13 samples were x-rayed after HCl treatment, 
10 samples were analyzed by sieve, pipette, and heavy mineral 




The Hennessey Shale is the uppermost member of the 
Enid Group, underlain by the Wichita Format i on, and overlain 
by the El Reno Group. It is Permian in age and currently 
assigned to the upper part of the Leonardian Series (Pe r mian 
Subcommittee, 1960). 
In 1905, Gould defined the Enid Format i on as all 
rocks from the base of the Permian to the base of the Bla i ne . 
The area surrounding the Wichita Mountains was mapped as 
"Red Beds of Uncertain Relations" (Gould, 1905, plate I, 
p . 12). Sawyer · (1924) recognized a large bas i n i n we s te r n 
Oklahoma but did not change the designation of the En i d 
Formation . Gould (1924) proposed the name "Anadarko Bas i n" 
.and traced the Duncan Sandstone northwestward around the 
Wichita Mountains. Aurin, Officer, and Gould (1926) ele -
vated the Enid to a group and subdivided it into the Still-
water, Wellington, Garber, Hennessey, Duncan, and Ch i cka s ha 
Formations. This pertained to the northwest and southeast 
flanks of the Anadarko Basin. The southwest flank of the 
basin was left as Clear Fork-Wich i ta, Duncan, and Ch i cka s ha 
6 
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Formations. Sawyer (1929) said the Chickasha was correla-
tive with the Flowerpot Shale, Blaine Formation, and Dog 
Creek Shale in the western part of the basin. I n addition, 
he said the Garber-Hennessey in Kiowa County was several 
hundred feet of indistinguishable red shale and thin sand-
stone./ In 1930, Becker classed the Duncan and Ch i ckasha as 
the El Reno Formation and correlated the Hennessey with the 
Clear Fork .in Texas and the Cedar Hills and upper Salt 
Plains in Kansas. He gives a thickness for the Hennessey 
of ·600-700 feetJ and lists the Garber, Wellington, and 
Wichita-Albany in descending order below the Hennessey . 
Schweer (1937) proposed the name El Reno Group for the beds 
between the Hennessey and the Whitehorse Group. Miser (1954) 
included the Garber Sandstone, Wellington Formation, and the 
upper part of the Pontotoc Group under the heading Wichita 
Formation in the southwest portion of the state . 
Wichita ~ormation 
There is little detailed information about the 
Wichita in this area. Several miles south of the inferred 
Wichita~Hennessey contact the beds are predominately silt-
~tone, sandstone, and shale. Gypsum and siltstone are more 
abundant and more of the beds are green than in the Hennes-
sey . As the .boundary between the two formations is appar-
ently gradational and exposures in the area of the contact 
are poor, the contact was taken as shown on the State 
8 
Geologic Map (Miser, 1954). 
Hennessey Shale 
The Hennessey is composed of red and green claystone, 
mudstone, and thin - bedded siltstone with some gypsum veins 
and seams. However, in the Wichita Mountain area the silt-
stone content is variable. East of Lake Altus, the formation 
is mainly shale and claystone, with a few thin siltstone beds 
and silty shale layers. The uppermost 10 to 40 feet is nor-
mally yellow to tan shale and silty shale commonly inter-
bedded with thin limonite zones and concretions. The contact 
with the overlying Duncan is unconformable. In addit i on to 
the indications of an oxidized zone at the top of the Hennes-
sey numerous channels are cut at the base of the Duncan. 
Interfingering of the basal Duncan siltstones and the upper 
Hennessey shale indicates the contact is not a constant time-
stratigraphic horizon. 
In the western portion of the area, five siltstone 
beds are prominent. Dr. K. S. Johnson (personal communica -
tion, 1966) has determined that the uppermost bed is app roxi-
mately SO feet below the stratigraphic level of the basal 
Duncan. This bed has been mapped as the Duncan in the region 
west of Lake Altus. The five siltstones are from 1 to 10-15 
feet thick ·and are continuous. They can be traced for miles 
along the Elm Fork of the Red River. The total thickness of 
these beds and the intervening shale is 100-120 feet. For 
9 
mapping purposes, Johnson designated these beds , in ascend i ng 
order, "W", "X'', "Y", "Z", and the "Brinkman Bed" . Th i s 
nomenclature is also used by the writer. The siltstones are 
light gray to gray-green, micaceous, slightly friable, and 
commonly laminated. Ripple marks are seen in places as well 
as minor channels. There is no major difference i n the 
composition of the shale in the two regions. Some scatter ed 
grains of quartz and feldspar, up to 2 mm in size, are found 
both in the shale and in the siltstone . These are almost 
completely limited to the western portion of the area . 
Most Hennessey exposures show only mi nor, i f any, 
amounts of arkosic material ~ In a few local i t i es the Henn e s -
sey is preserved where it directly overlies the gran i te . 
This ·near-shore facies i s composed of maroon, orange , and' 
black sandstone and shale. Some conglomerat i c layer s are 
present. No exposures with appreciable arkosi c mate r i al 
were found more than a mile from granite outcrops and mo s t 
were wi thin half a mile. 
Some of the green color i n the shale i s d i rect ly 
associated with beddi ng but most of . i t is not . The r ed s ha l e 
contains few to abundant green reduction spots 0 . 1 mm t o 
25 mm or more in diameter. Some large-scale, red - gr een 
contacts exist which seem to be bedding, but wh i ch, on cl os e 
examination, are inclined at leas t 20 deg r ee s to bedd i ng . 
Also, many outcrops show irregular st r eaks of gr een colo ra -
tion, cutting across bedding at all angles fr om hor iz ont al 
10 
to near vertical. These normally can be seen to follow 
fractures or joints in the shale. Although many of the silty 
layers are red, almost all of the siltstones are light gray 
to gray-green. 
Gypsum is present throughout the section . Selenite 
and satin spar veins and seams are found in a few outcrops 
and are numerous in the cores. Many outcrops are covered 
with small selenite crystals, probably formed by weathering. 
Most of the gypsum seems to be secondary, rather than re-
crystallized from depositional anhydrite or gypsum. Mala-
chite-staining is observed in several outcrops in the upper, 
oxidized portion of the Hennessey. Trace amounts of barite 
are present as rounded concretions, vein material, and 
granular ce.ment. 
El Reno Group 
The lower two units in the El Reno Group are the 
Duncan Sandstone and the Flowerpot Shale. The Duncan is 
similar to the underlying Hennessey and the overlying Flower-
pot. It differs from both formations in two aspects: first, 
the Duncan contains more green to tan shale than either of 
the other two formations and second, the siltstone and sand-
stone tend to be light to medium gray, compact or cross-
bedded, resistant bench-formers in the Duncan as opposed to 
the laminated, friable Hennessey siltstone and lack of silt -
stone in the Flowerpot. 
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In the type-section, the Duncan consists mainly of 
sandstone, minor siltstone, and some interbedded shale (Self, 
'1966) . To the northwest, the shale content increases and the 
Duncan grades into the Flowerpot. In sec. 24, T. 7 N., 
R. 21 W., Scott (1955) gives a Duncan thickness of 28 feet 
including a total of 10 feet of siltstone and sandstone . 
West of the alluvium deposits along the North Fork of the 
Red River, the Duncan is no longer recognizable and the 
Hennessey grades directly into the lithologically similar 
Flowerpot. Due to the lack of resistant beds, the interval 
between the Hennessey "Brinkman Bed" and the upper part of 
the Flowerpot forms low, rolling topography with few ex-
posures. Because of this and the similarity of the Hennesse y 
and Flowerpot, the contact between these two formations in 




Clay mineralogy of the Hennessey is uniform through-
out the area. Illite is present in all samples and chlorite 
is found in over 90 percent of them. Also present in minor 
amounts are alteration products of both illite and chlorite . 
Illite and chlorite are phyllosilicates. Illite is 
the term for the clay-size varieties of mica whereas chlor-
ites are not broken down on a size basis. Illite is a 
3-layer clay mineral based on the muscovite structure and 
the chlorites are 4-layer structures, combining an aluminum 
or magnesium hydroxide layer (gibbsite or brucite) with the 
standard 3-layer mica structure. 
Illite 
Muscovite is a 3-layer phyllosilicate based on the 
pyrophyllite structure (see Grim, 1953, p . 66, for details 
of the muscovite structure). Illite differs from well-
crystallized muscovite in several ways. There is less sub -
stitution of aluminum for silicon in the tetrahedral layer 
12 
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resulting in a decrease in the charge defic i ency and amount 
of interlayer potassium . Some of the potassium i ons, wh ich 
balance the charge def i ciency, may be replaced by alum i num 
hydrox i de complexes, calcium, or hydronium ions . Mi no r 
substitution of i ron and magnes i um may take place i n the 
octahedral layers. Also, the d~gree of crystall i n i t y of 
illite is lower than that of muscov i te. 
In the Hennessey, illite is present in all sample s . 
Size fract i onation indicates i t occurs i n all sizes down 
through less than 1/ 8 micron. Identificat i on of ill i te is 
0 
made from x-ray diffraction peaks at 10, 5, 4 . 5, and 3 . 3 A 
on an oriented slide. The sharpness of the peaks range s 
from good to poor, depending mainly on crystal s iz e . Samp le 
C-3-b, for example, shows a peak-height to ~ peak - he i ght ­
width ratio of 33 for the 1-4 micron fra c t i on . Th i s de -
creases to 10 for the ~ -1, ~- ~ , and less than ~ mi c r on 
fractions and to 4 . 3 for the less than 1/8 micron fr ac t i on 
(plate I). Although much of th i s broadening is due t o de-
creasing particle size, there are two other causes for some 
0 
of it . Many samples show a 10 A peak that is broadened on 
the low-angle side. Solvation with ethylene glycol merely 
sharpens this reflection. There is no sh i ft i n the d - spac -
ings at 10 A or 3.3 A nor is there any subs i d i ary peak 
developed between 10 and 11 A. These are the so - called 
"degraded" illites (Grim, 1951) . Potassium has been st ri pped 
from some interlayer positions and replaced by water . The 
14 
increased sharpness after salvation results from extraction 
of water from the interlayer region by ethylene glycol . A 
few other samples, such as A-7-a (plate II), show a shift to 
lower and higher cl-spacings for the 10 A and 3 . 3 A peaks, 
respectively, on salvation. In addition, a secondary peak 
or shoulder is developed between 10 and 12 A. This i s inte r -
preted as an illite-montmorillonite mixed-layer sequence wi th 
10 to 20 percent montmorillonite (Weaver, 1956). However, 
treatment of both types of clay with a lN KOH solution for 
10 hours shows that the mixed-layer material is also derived 
from the illite and is merely a highly "degraded" form of 
illite in which some cation beside$ water has replaced the 
potassium (Weaver, 1958a) . The treated clays show a more 
0 
symmetrical peak at 10 A than the untreated samples and give 
no indication of sharpening or expansion on salvation (plate 
I I). 
As the coarser clay fractions contain apprec i able r 
amounts of quartz, feldspar, dolomite, and chlorite, it is 
difficult to determine the type of illite present. Random -
oriented patterns of all fractions show (060) spacings i n 
0 
the range of 1 . 50-1 . 51 A which is indicative of a diocta - _ 
hedral structure. No tendency toward a trioctahedral st r uc-
ture is shown even by the less than ~ micron size . Polymorph 
determination is difficult because of contamination in the 
coarser fractions and the effect of particle size i n the 
finer fractions . The dominant mica polymorph present i s 
15 
probably 2M with a minor amount of lM (plate I). Polymorph 
determination i s made by compar is on of the powde r data with 
that of Yoder and Eugster (1955) . 
DTA patterns of the illite show a minor to pronounced 
endotherm at about 80°C . This corre s ponds to the loss of 
interlayer water; there is a ro ugh correlation bet ween the 
broaden i ng of the 10 A peak and the siz e of the low temper-
ature endotherm. A second endotherm begins between 300° and 
400°c wi th a maximum at about 520° - 540°c. Th is is correlated 
with dehydroxylization of the latt i ce (Grim, 1953) . A third 
and minor endotherm between 850° and 880°c cor r elate s with 
the beginning of the final destruction of the illite struc-
ture as shown by diffractometer furnace treatment . This 
endotherm probably represents a structural reorganizat i on 
rather than a loss of material (Grim, 1953). 
DTA patterns of two limon i te zones from the upp er 
Hennessey show a minor endotherm between 200° and 300°C 
(plate III) , There is no chlorite in these sample s but a 
0 
material which expands to as much as 17 A is present . 
0 
Potassium treatment, which collapses this peak to 10 A and 
prevents re-expansion on solvatio~ and the 200° to 300°C 
endotherm indicate that the material is a montmor ill ono id 
with a high tetrahedral charge deficiency being formed fro m 
the alteration of illite . The term collapse refers to a 
reduction in spacing in the "c" axis direction . 
16 
Chlorite 
Trioctahedral chlorites are composed of alternating 
talc and brucite structures . The correspo~ding d i oc tahedral 
structure would be pyrophyllite and gibbsite . The many 
varieties of chlorite arise from i somorphous substitution 
in both structures. The most common subst i tutions are iron 
and aluminum for magnesium both in the octahedral layer of 
the talc structure and in the brucite structure and alum i num 
for silicon in the tetrahedral layers of the talc structure 
(Brown, 1961). 
Chlorite is present in almost all samples of the 
Hennessey. Near-shore facies and the l i mon i te zones i n the 
upper part of the formation are the onl y two normall y ch lor -
ite-free lithologies. These two facies will be discussed 
under Distribution of the Clays . Where present, the chlorite 
is normall y found in all sizes, but several samples give in -
dications of chlorite only in the coarser fr act ions . Chlor -
ite identification is made by reflections near 14 . 2, 7 . 1, 
0 
4.75, and 3 . 5 A on an oriented slide . Kaolinite, which can 
overlap the 7 A and 3.5 A peaks, has a peak at 2 . 383 A and 
is insoluble i n warm, dilute HCl . The structure fac tor for 
the chlorite peak in the vicinity of 2.38 A is such that it 
is seldom detected . Also, chlorite is soluble i n HCl . No 
0 
peak was detected at 2.38 A for any of the samples. In 
addition, 13 samples were treated for 8-12 hours with warm 
HCl . All four chlorite peaks vanished i n most samples, and 
17 
0 
in those that still retained the 14 A peak and suborders, 
0 
the 7 and 3.5 A peaks were not enhanced. 
Further evidence of chlorite is the fact that on 
ethylene glycol salvation the peaks in question do not ex-
pand . Likewise, treatment with lN KOH for 10 hours had no 
effect on the 14 A peak . Diffractometer furnace patterns 
indicate that the chlorite in the Hennessey does not behave 
like normal, coarser chlorites on heating. All orders except 
the 14 A disappear by 450° to 500°c. 
0 
The 14 A peak, howeve r , 
disappears in the range of 600°-700°C but does so wi thout 
noticeable increase in intensity as is normally observed . 
The low temperature of destruction is attributed to poor 
crystallinity (Brown, 1961). Further evidence of poor crys -
tallinity is shown by the DTA patterns. Only two patterns 
show minor endotherms at 620°-640°C that can be attr i buted 
to chlorite (plate III). The absence of chlor ite endotherms 
is also partly due to less chlorite than illite i n all sam-
ples. 
Several gross clay samples show minor amount s of 
material that expand slightly on salvation. For some samples 
this is a discrete peak about 5.5 degrees 28 but normally i s 
only a shoulder about 6 degrees on the main chlorite peak . 
The previously mentioned size-fractioned sample, C-3-b, is 
one of these. The 1-4 micron fraction shows only minor 
expansion to 17.16 and 15.78 A, the ~-1 mi cron fraction 
0 
shows one-half the 14 A peak expanding to 17 .33 , 16 . 6 7 , and 
18 
0 
and 16 . 07 A, the ~-~micron fract i on ha s over one-half the 
peak expanding to 17. 14 and 15.52 A, and the less than 
0 
~ mi c r on fr act i on has most of the 14 A peak expand ing to 
0 
16 . 07 and 15 . 5 A. All three of the finer fractions also 
show a s eparat i on from the 7 A peak. Samples of the finer 
th r ee frac t i ons sedimented on ceramic plates show re hydration 
0 0 0 
to 14 A when heated to 500 C. By 550 C there is onl y partial 
rehydrat i on to 12.65 - 14.03 A and by 800°C there is no rehy-
drat i on . The rehydration occurs on cooling to room temper -
ature . 
DTA patterns of C-3-b show: (1-4 microns) weak 
illit e pattern modified by dolomite; (~-1 micron ) i llite 
pattern with poss i ble minor chlorite endotherm at 620°-640°C; 
(~-~ and less than ~ micron) illite pattern plus a strong 
endotherm at 570°C and an S-shaped endotherm-exothe r m from 
800° to 900°C (plate III). 
Furnace diffractograms of the ~-~ micron fraction 
of C-3-b show a partial collapse to 12 . 61 A by 150°C in 
0 0 
addition to the 14 A peak. The 12.6 A peak disappear s on 
0 0 
further heat i ng and the 14 A peak i s lost at about 600 C. 
The less than ~ micron fraction behaves quite differentl y in 
0 
the furnace . The 14 A peak shows a gradual los s in intensi ty 
0 0 
and c ollapses to a broad peak from 12 . 6 A to 14 A by 250°c 
0 
at wh i ch point it collapses completely. The 10 A peak 
0 
collapses at the same time from 10.16 to 10.05 A, and an 
0 
i ntense superorder appears at 23.25 A. The superorder stay s 
19 
at app r oximately the same position unt i l 600°C where i t d is-
appea r s . The sum of all these data indicates that in the 
f i ner fractions the chlorite is being altered to a vermicu -
l i te-like mater i al which is randomly interlayered with the 
unaltered chlorite. This is shown by the numerous peaks 
obta i ned on salvation and is best illustrated in the fi ne s t 
0 
fraction where the long-range spacing, 23.25 A, is inter-
v 0 
preted as mixed-layer chlorite-vermiculite, 14.20 A+ 9 . 02 A 
( the verm i culite in a collapsed state due to heat i ng). Fur-
ther suggestion of the interlayering is the fact that the 
superorder disappears at 600°C, the same temperature that 
the chlor i te in the coarser fractions disappears. Proof 
that the material is being altered from chlorite, not ill i te, 
0 
i s s hown by a trioctahedral (060) spacing ( 1 . 535 A) and the 
fact that potass i um saturation does not af f ect the expans i on 
on gl ycol salvation . 
A classification of several of the chlorites was 
attempted us i ng the class i fication of Hey ( 1954) and obta i n -
i ng the necessary data by the diffraction method of Shiro zu 
( 1958 ) . The tr i octahedral nature of the chlorites is shown 
0 
by ( 020) reflect i ons at 4.58-4.63 A and (060) reflect i ons at 
0 
1 . 535 - 1 . 556 A. Because the chlorite is mi xed wi th i llite, 
qua r t z , and dolomite, it is impossible to determine the 
nature of the coarser fractions i n most cases . Four samples 
were classified: A-19-d, less than four microns; C-3 - b, 
37 -62 . 5, 1-4, and ~-1 micron fractions. Hey's class i fica -
20 
t i on is based on the amount of silicon in the tetrahed r al 
layer and the ratio of total iron to iron plus magnesium . 
It is further broken down into the orthochlorites and the 
oxidized chlorites . Although the coarse sample from C- 3- b 
(heavy mineral separation) has rather low intensity (001 ) 
and (003) peaks it is regarded as an orthochlor i te . The 
(060) reflection for sample A-19 - d is also doubtful because 
a minor amount of quartz is present in the sample . Assum i ng 
the formula (Mg 6 _x-yFe~+Alx)(Si 4 _ xAlx)01o(OH)3 (Brown, 1961 ) , 
the chlorites can be classified by Hey's method . Shiro zu 
(1958) verified and refined relationships between y and the 
"b" parameter and between x and d ( OOl) as taken f rom x-r ay 
diffraction data. These relationships are given in equat i on 
form by Brown (1961): b=9.21+0.037y, d (001)=14 . 55 - 0 .2 9x . 
For the four samples classified, the "b" parameter wa s ob-
tained from the (060) peak on the powder pattern and the 
(001) cl-spacing obtained by ave r ag i ng d (OOl) der i ved fr om 
the (003), (004), and (005) peaks on a sed i mented patte r n 
(Martin, 1955). The critical cl-spacings, der i ved data, and 
classifications are shown . in table 1. 
Distribution of the Clays 
Three regional trends in the clay minerals we r e ob -
served in the thesis area, one vertically, one litholog i-
cally, and one laterally. A chlorite-illite i ndex (Eve r et t, 
1962) which is the ratio of the intensity of the 7 A chlo rite 
21 
-----.---· --
size in l 
d(OOl)* "b II Si R Sample microns / x y 
·-
37 -62~-5 I C- 3-b 14.138 9.288 1.42 2.11 2 , 58 0 , 46 
C- 3- b 1- 4 14.165 9.210 1. 33 0 2 . 67 0 
C- 3-b ~-1 I 14.166 9.222 1. 32 0 . 32 2 . 68 0 .07 
I 
l A- 19-d ..C::::3 . 6 l 14 . 220 9.336 1.14 3.40 2.86 0 . 70 
- -- -·- -· - .., 
C- 3-b A- 19 - d 
- -·--
37-62.5 1-4 ~-1 ~ 3. 6 
-· --- - - -
hkl d I d I d I d I 
001 14.19 1. 8 14 . 23 7. 2 14.03 10 . 0 14 ,2 6 7 0 7 
' 
002 7.08 10.0 7.08 10.0 I 7.115 5.9 7.092 10 . 0 
003 4 . 713 2.8 4.74 2. 9 ' 4.77 4 . 9 4.745 2. 6 
! 
004 3 , 353 6.7 3.53 6.5 
I 
3 . 512 5.7 3 . 534 5 0 8 
005 2 . 827 1. 0 2.831 1. 6 I 2.858 2 . 6 2 . 858 2 . 3 
060 1. 548 w 1. 535 m 1. 537 m 1. 5 56 m 
Name Ripidolite Sheridanite Brunsvigite 
* d(OOl) averaged from 003, 004, and 005. 




peak to twic~ the intensity of the S A illite peak was com-
puted for all of line A and for the part of line C where 
certain beds were sampled in two different areas . No car-
relation was found in either line between the ratio and 
sediment color, lithology, or stratigraphic position . An 
indication appeared, however, that the ratio depended mostly 
. on the crystallinity of the clay and the degree of preferred 
orientation of the slide; these two factors affected the 
height of the chlorite peak more than the illite peak. No 
further work was done on this ratio. 
Numerous samples in line A show an elevated base -
line in the low angle region (plate II). This is more pro-
nounced in the lower part of the section and is quite similar 
to samples of the Wichita Formation. It is partly due to the 
degraded nature of the illite and partly to the mixture of 
illite and chlorite. In order to check the vertical change 
of this phenomenon, the ratio between the intensity of the 
0 
10 A illite peak and the intensity of the low point of the 
0 
baseline between this peak and the 14 A chlorite peak was 
computed . The intensities were taken as the height above a 
baseline projected from the baseline on the high - angle side 
of the illite peak. The results of these computations are 
shown in table 2. There are two noticeable increases in both 
the magnitude of the ratio and in the variation of it, one 
between samples 8-a and 8-b and one between 10-a and 10-b-l . 
The first eight outcrops approximately parallel the Hennessey-
23 
Sample Ratio Sample Ratio Sample Ratio 
A-1-a 1.16 A-9-b-2 2.36 A-13-m-2 5 . 40 
A-1-b 1.12 A-9-c 2. 8 2 A-13-o-3 6 . 04 
A-2-a 1. 52 A-10-a 1. 93 A-13-p-2 5. 76 
A-2-b 1. 46 A-10-b-l 4.78 A-13-p-3 6.76 
A-3-a 2.53 A-10-b-2 5.48 A-13-p-4 5.91 
A-5-a 1. 78 A-10-c 5.79 A-13-p-7 4.14 
A-6-a 1. 23 A-11-a 6.62 A-14-a 2.42 
A-6-b 1. 61 A-11-b 5.34 A-15-c 3.93 
A-6-d 1. 20 A-11-c 2.10 A-15-d 5 . 92 
A-6-h 5.37 A-11-d 2.54 A-15-e 3.90 
A-7-a 1. 5 7 A-11-e 6.23 A-15-f 3.48 
A-7-b 1. 67 A-11-f 8.45 A-17-a 4.25 
A-7-c 1.16 A-12-a 4.36 A-17-b 3.49 
A-8-a 1. 32 A-12-b 4.16 A-17-c 4.50 
A-8-b 2.78 A-13-c 5.35 A-18-a 4.28 
A-8-c 4.79 A-13-e-2 2.42 A-19-a 3.63 
A-8-d 2.35 A-13- i ' 7.82 A-19-b 5.71 
A-9-a 3.94 A-13-1-1 7.70 A-22-b 3 . 86 
A-9-b-l 3.31 A-13-k 9.40 
0 
LINE A, ILL I TE 10 A REFLECTION 
PEAK TO PRE-PEAK-BASELINE INTENSITY RATIO 
Table 2 
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Wichita contact (figure 1). The affinities these patterns 
show to the Wichita and the abrupt change in the ratio as 
the traverse swings away from the inferred contact (Miser, 
1954) could mean that although the contact is not exposed in 
this area and is gradational, it can be distinguished on the 
basis of clay mineral zonation. Reasons for the second 
increase are less clear as the outcrops are scattered and 
there is no stratigraphic control. 
Chlorite is absent in two types of samples . First, 
in the limonite zones of the upper Hennessey, chlorite is 
absent, natrojarosite is found, and even the illite has been 
altered to montmorillonite and illite-montmorillonite mixed-
layer material. This is due to leaching of the clays on an 
unconformity between the Hennessey and the Duncan . Natro -
jarosite is a low temperature-pressure mineral (Brophy and 
Sheridan, 1965). Gypsum present in the section provided the 
sulfate for its formation, the iron was derived from the 
destruction of chlorite, and both potassium and sodium could 
have been derived by leaching the already degraded illite . 
Second, most of the samples from outcrops directly 
overlying granite are either devoid of chlorite or have 
chlorite only in fractions of 3-4 microns and coarser. It 
seems probable that considerable concentration of groundwater 
drainage has taken place at the Hennessey-granite interface 
(C. R. Nichols, personal communication, 1967). This would 
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accelerate alteration of the clays and would probably destroy 
the finer-grained material first . The illite i n these sam-
ples is normally more altered than in the rest of the samples. 
The intensities of the first four chlorite peaks on 
sedimented patterns show quite a var i ation between different 
samples: (001) weak to strong, (002) med i um to strong, (0 03 ) 
absent to medium, and (004) weak to strong . To determine if 
there was any pattern discernable, plots were made of the 
intensities from most of the gross clay patterns . The data 
plotted were the ratio of the intensities of three peaks, 
(001) versus (002) and (001) versus (003) . As the resulting 
graph was one elongate scattering of points, each line was 
replotted on a separate graph. From these graphs i t is 
obvious that there is a progressive increase in the (001) 
intensity in relation to both the (002) and ( 003) orders in 
the western portion of the area (figures 2-4) . Averages of 
the two ratios were computed for each of the three l i nes and 
plotted . They fall on a line which is in fair agreement with 
the ax i s of each scatter diagram. Not only does the ( 001) 
peak increase in intensity, the i ncrease is the same in re-
lation to both the (002) and (003) peaks . This is shown by 
the percentage change in average ratios: line A to line B, 
r1;r 3 up 10.6, r1;r 2 up 12.1; line B to line C, r1; r3 up 
23.7, I 1/r 2 up 25 . 9. 
Structure factors of chlorite are such that only the 
odd-order reflections are affected by changes in the bruci te 
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Figure 4 SCATTER DIAGRAM, C H LORIT E (OOL} RELATI V E INT ENSITIES 





layer, which is also the more easily altered (Brown, 1961). 
Progressive remo val of iron or iron and magnesium would 
cause th is change (Grim and John s , 1953) and is the process 
followed in the alteration of chlorite to vermiculite , That 
this is the cause of the intensity variations is supported 
by several things. Classif i cation of one chl ori te from the 
eastern line and three from the western l i ne indicate a high -
er iron content in the east. The western sample shows les 
iron in the f i ner, more eas ily altered fractions than i n the 
coarser . The vermiculite-like material is predom i nant in 
the two finest fractions of this sample . Finally, whereas 
some eastern samples show traces of the vermiculite-like 
alteration product, almost one-half of the western samples 
contain this material . This indicates removal of magnes i um 
as well as the decrease in iron shown by the classification 
data . 
While it is easy to justify the changes in figures 
2-4, it is not so easy to arrive at a c ause for the changes . 
Mixing of two types of chlorite from two different sources 
can be ruled out because the change occurs in a short dis-
tance (30-40 miles). Core data rule out the possib i lity that 
the alteration is connected with surface weather i ng as the 
Granite Core shows as much expandable mater ia l as surface 
samples in line C and the ratios for the AL - 2 Core compare 
favorabl y with line B (figure 3) . Probably the best explan -
at i on comes from the i nc reas e i n si lt i n the western area 
30 
Plate I 
SELECTED X-RAY DIFFRACTION PATTERNS 
A. A- 13-p - 5 Natrojarosite, powder pattern 
B. C-3-b < ~micron, sedimented, solvated; Illite, 
Chlorite/Vermiculite 
C. C-3-b < ~micron, sedimented, humidified; Illite 
Chlorite/Vermiculite 
D. C~3-b 1-4 microns, sedimented, solvated; Illite 
Chlorite, Chlorite/Vermiculite, Quart z, 
Feldspar, Dolomite 
E. C- 3-b 1-4 microns, sedimented, humidified; Illite, 
Chlorite, Chlorite/Vermiculite , Quartz, 
Feldspar, Dolomite 
F. A-13-p-5 ~-~ micron, K+ treated, powder pattern ; 
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Plate II 




D. A-7 - a 
E. A-13 - p-l 
F. A-9-b-l 
G. A-2-a 
<3.7 microns, K+ treated, sedimented, s ol -
vated; Illite, Chlorite 
< 3.7 microns, K+ treated, sedimented, 
humidified; Illite, Chlorite 
< 3. 7 microns, natural, sedimented, sol va -
ted; Illite, Chlorite, Quartz, Feldspar 
< 3 . 7 microns, natural, sedimented, humid i -
fied; Illite, Chlorite, Quartz, Feldspar 
gross clay, sedimented, hum i di fi ed; I lli te , 
Chlorite, Dolom i te 
gross clay, sedimented, humidified; Il li t e , 
Chlorite, Dolomite 
gross clay, sedimented, humidified; Il l ite, 
Chlorite, Quartz, Dolomite 
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Plate III 
DIFFERENTIAL THERMAL ANALYSIS PATTERNS 
A. A-13-c < 3.7 microns; Illite, possible 
Chlorite 
B. A- 7-a <3.7 microns; Illite 
C. A-13-p-5 \-~micron; Illite, altered Illite 
D. C-3-b < \ micron; Illite, Chlorite/Vermic
ulite 
E. C-3-b \-~ micron; Illite, Chlorite/Vermic
ulite 
F. C-3-b ~-1 micron; Illite, possible Chlo
rite 
G. C-3-b 1-4 microns; Illite, Dolomite 
H. A-13-p-5 Natrojarosite 
(A and H run at machine settings of 1.5 X 150, oth
ers at 
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which would slightly increase the permeabil i t y . Flu i d - derived
 
alteration would therefore be more p r om i nent i n the we s tern 
area . This is further suggest e d by the f ac t that i n l i ne C, 
the siltstones, in general, have a d i fferent scatter i ng o f 
points than the shales ( figure 4) . Also, the r e i s a s l i ght 
increase i n the expandable clay i n these si lt s tone s a s oppo sed
 
to the shales . 
Silicates 
The bulk of the non-clay, elast i c mater i al i s quart z , 
with feldspar comprising 1- 4 per cent . The re mai n i ng s i l ic at e 
mi nerals wi ll be discussed in the s ect i on on He a vy Mi ner a l s . 
Almost all types of quart z are present, wi th sl i ghtl y undu -
lose extinct i on be i ng the most c ommon. Strai ght and s t r ong ly 
undulose extinction are mode r ately abundant and trace s of 
composite grains are present in a f ew sl i des. Stretched c om -
posite (quartzite) grains are found i n almo s t al l th i n - s ec-
tions but only in small amounts . Most grains ha ve a f ew to 
numerous vacuoles and some have microlites " A mi nor amount 
of clear gra i ns is present . Ident i f i able inc lusi ons (a ll i n 
minor amounts) are apatite, zi rcon, tourmal i ne, r ut i le, and 
b i otite. The coarsest mater i al, minor amount s i n all s ample s 
except channel and near-shore facies, ha s s t r a i ght to st r ong -
ly undulose extinction, mainly sl i ghtly undulose, with a 
shadowy semicom~osite appearance . These gra i ns hav e abund ant
 
vacuoles, commonly in linear tra i l s , and mi nor i nclus i ons of 
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zircon and apatite . The i r si ze, location, ass oc i ated feld -
spar, and shadowy ext i nction indicate they were der ive d from 
the Wich i ta Mountains c 
Quartz-overgrowths are present in approximately one -
third of the thin-sect i ons but a r e normally faint and in 
minor amounts. The overgrowths are clear and show no zona-
tion or euhedral terminations. Commonl y minute carbonate 
grains are enclosed along the overgrowth-grain boundary. 
In the bulk of the formation, orthoclase and plagi -
oclase are present in approx i matel y equal amounts together 
with a minor amount of microcline . The grains are mostly 
fresh to slightly altered with minor amounts of all stages 
of alteration, including highly vacuolized . The larger 
gra i ns are normally more altered than the smaller and the 
feldspar alteration sequence i s normally orthoclase-most, 
plagioclase, and microcl i ne -l east . Albite twinning and 
traces of Carlsbad twinning are found in the plag i oclase and 
quadrille twinn i ng in microcl i ne. Onl y one gra i n of plag i o-
clase was i dent i fied and that as ol i goclase . The ext i nction 
from the alb i te tw i nning was almost always as ymmetr ical but 
indicated that most of the gra ins were i n the range albite-
andesine . The feldspar in one channel sample, and i n scat-
tered sand-sized gra i ns in a few other thin -sec tions, con-
s i sts of perthite with mi nor amounts of anti-perthite and 
traces of plagioclase and myrmek i te . Microcline is i dent i -
fiable in some of the perth ite . Most of these grains are 
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highly altered or va cuoli zed, i nc lud i ng the mic ro c l i ne, 
whe r eas the silt - s i zed microcl i ne is norma l l y qu i te f re s h 
to slightly altered . Perth i te, ant i - pe r th i te, myrmeki te, 
and mic ro c line are common i n the gr an ites o f the Wi ch i ta 
Mounta i ns . 
Felds pa r- ove r growths were pos i t i vely i dent ifi ed i n 
only one th i n - sect i on . They are clea r , fa i nt, and i n trace 
amounts; no zonat i on or term i nat i on are shown . 
Both qua r tz and felds pa r s how mi nor replac ement by 
carbonate, ma i nl y dolom i te , Qua r t z and f eldspar are embaye d 
along the grain ma r gins and the feldspar i s also r eplaced 
along cleavage planes . Trac es of s er ici t iz at i on of quart z 
are found i n a few sl i des . 
Carbonate s 
The bulk of the carbonate i n the Hennes s ey i s dolo -
mite . Calcite is the sole carbonate i n only one s ample but 
is dom i nant i n several others . The calc i te i s po i k i l i t ic i n 
two th i n-sect i ons and obv i ously rec r ystall iz ed i n t wo othe rs . 
Dolomite occurs both as anhedral gr a i ns from 5 to 60 microns 
and as 10 to 60 mi cron rhombs . Tw i nn i ng is not p r e s ent . 
Traces of e i ther siderite or iron-s ta i ned dolom i te we r e 
found i n heavy mi neral s epa r ation . The quant i t y wa s not 
suff i cient for x-ray i dent i f ic at i on , The c a r bonates c om -
pr i se more than SO pe r cent of the ro c k i n three s ample s , t wo 
solely dolom i te and one ma i nly cal ci te with mi no r do l om i t e , 
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Carbonate comprises 20-35 percent of the siltstones and zero 
to approximately 50 percent of the shales . 
Sulfates 
Gypsum occurs throughout the formation, particularly 
in core samples, in all three crystal habits . Selenite 
crystals up to one i nch in size cover the ground at many 
outcrops . These are probably formed by weathering and leach-
ing. Thin veins and stringers of both selen i te and satin 
spar are found mainly in the cores and, in places, at the 
surface . Nodular, white and pink, granular concret ions are 
likewise found both at the surface and in the cores. Gypsum 
was identified as a cementing material in only 1 of 22 thin-
sections where it occurs as satin spar and small fibers d is-
seminated through the matrix . 
Barite also is found in three different habits, but 
only in trace amounts. Clear cleavage plates and granular 
cement were found in several heavy mineral separations . 
These two types are not observed in thin-section . Round, 
pink nodules are prominent in one sample and questionably 
identified in three or four other samples . These nodule s 
are oolitic in appearance, with a radial, fibrous structure, 
normally around a silt core. Some are broken or crushed . 
In size, these oolitic nodules range from 1 . 5-4 . 0 0. 
Two samples of limonitic zones in the upper Hennes -
sey contain a member of the jarosite family . It forms 
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yellow, granular crusts in association with limonite and 
gypsum , X- ray data are similar to jarosite, KFe 3 (s04) 2 (0H) 6
; 
natrojarosite, NaFe 3 (so 4) 2 (0H) 6 ; and c
arphosiderite, (H 20) v 
Fe3(S04)2(0H) 5 . Unit cell parameter
s computed from (006) and 
0 0 
0 




and 7 , 308 A for "a ". Emission spectrographic analysis gives 0 
a sodium-potassium ratio of 2.14 to 1. In addition, DTA 
data indicate a minor water loss in the range of 230°-280°c 
(plate III). 
A recent paper by Brophy and Sheridan (1965) includes 
a summary of the present knowledge of the jarosites . The 
mineral carphosiderite has been discredited and shown to be 
a hydronium-bearing natrojarosite. The jarosite family of 
the alunite group is composed of basic alkali iron sulfates. 
+ + + 
There is a solid substitution series of K -Na - H30 , the end 
members of which define the minerals of the family . Us i ng 
the ( 006) and (22 0) spacings Brophy and Sheridan determined 
the "c " and "a " unit cell dimens i ons on a large number of 0 0 
natural and synthetic jarosites and arr i ved at the following 
data: 
"c " -0 
+ 0 + 0 + 0 
K - 17 . 192 A, H30 - 16.980 A, Na - 16 . 620 A 
Also, they determined that, on heating, the amount of water 
lpst between 240°-2800C was the amount of H3o+ ion involved 
in the substitution. 
From the spectrographic analysis data the mineral is 
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natrojaros i te . Close agreement of the "a 0 " and "c 0 " para -
meters with those published by Brophy and Sheridan confirm 
this . DTA data indicates minor hydronium substitution giv -
ing an approximate formula of [K . 29Na . 61CH3 0) . 1~ Fe3(S04)z 
(OH)5. Synthesis data show that it is a low - temperature, 
low-pressure mineral . Formation probably resulted from the 
oxidat ion of pyrite and chl orite in the presence of gypsum. 
Heavy Minerals 
General Statement 
Nine siltstones and one argillaceous limestone were 
examined for heavy minerals. These made up less than one 
percent of the sample in all cases . Although the bulk of 
the heavy mineral suite is composed of ultra-stable minerals, 
there are numerous metastable and some unstable minerals 
present (table 3) . 
Titanium Dioxide Mi nerals 
Rutile, brook i te, and ana.tase ar e all present in the 
Hennessey . Rutile is present i n all forms from anhedral to 
euhedral, including geniculate twins , Most is yellow, but 
traces of red and red-brown, rounded grains are present . 
Anatase is identical to the yellow varietie s of rutile and 
is identified by its uniaxial negative character. Brookite 
is yellow, rectangular; has anomalous yellow and blue, 
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Ti0 2 45 . 3 47. 5 42 . 4 40 . 3 41.1 50.0 42 . 0 48 . 4 a
 bun a bun 
Tourmal i ne 30 . 5 35 . 6 34.5 13.3 1 7 .4 15 . 1 22 . 6 17 . 9 mi n mod 
Zircon 3 . 3 3 . 2 2 . 0 7. 7 9.9 1. 0 8 . 2 12 . 0 mi n mod 
Garnet 16 . 7 8 . 1 4 . 6 6 . 3 18 . 4 2. 0 9 . 2 13 . 3 tr mod 
Opaques 0 . 3 0 . 9 3.0 27.0 8. 8 0 . 3 8 . 6 L2 a bun a bun 
Chlorite 1. 6 0 . 3 3.6 2 . 3 tr 27 . 3 3 . 0 0 .3 tr t r 
Staurolite t r t r 0. 7 tr tr 0 . 3 t r 
Pyrite t r 0 . 3 0.3 tr 0.7 1. 9 tr 
S.phene tr 0.3 0 . 3 t r tr 
Biotite 1. 3 t r 1. 3 0 . 3 t r 
Amphibole/ 
Pyroxene 1.3 0 . 3 0 . 3 0 . 3 
Muscovite t r tr 0.3 0 . 7 2. 3 
Bar i te 0 . 7 2 . 6 8 . 3 1. 0 1. 3 0 . 3 0 . 7 3 . 0 t r mi n 
Carbonate 1. 3 t r 0 . 7 0. 7 1. 6 
Ti0 2 i n c ludes l euco xene, r utile, anatas e
, and br ook i te . 
Opaques inc lude hemat i te, ilmenite, and magnet i te . 
Carbonate l S iron -s ta i ned, may be s i de ri te . 
*non - HCl - treated, pe r centages adjusted for ap a t i t e c on tent . 
tr - trace, pr esent i n s l i de but not i n gra i n count. 
abun - abundant, mod -mode r ate, min - mino r. 
HEAVY MINERAL PERCENTAGES 
Table 3 
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Brookite is found in traces, x-ray data show rutile and 
anatase approximately equal . Most of the above grains seem 
to be elastic . 
Although the counts of rutile (including anatase and 
brookite) and leucoxene are widely divergent, the total per-
centage of these mine rals is more constant (fi gure 5) . High 
magnification shows that most of the leucoxene - like grains 
contain granules or short fibers of crystalline material. 
This material ranges from microl i tes on the edge of a leu-
coxene grain through granules and short fibers randomly 
scattered throughout the grain to a net of needle-like crys-
tals in sets intersecting at angles of approximately 60°. 
X-ray data indicate large amounts of rutile and anatase and 
essentially no amorphous material . As i nd icated i n figure 
5, high counts of rutile commonly coincide with low percent-
ages of leucoxene and vice versa . This v a ri at i on is due to 
the gradations of rutile content in many of the leucoxene 
grains and the difficulty in placing some grains in one 
category or the other . Grains of leucoxene containing micro-
lites of . rutile and anatase are generally thought to indi-
cate recrystallization of rutile and anatase from leucoxene 
(Tyler and Marsden, 1938) . 
Tourmaline 
The tourmal i ne group is the most numerous of those 
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A. Leucoxene C-3-b equivalent to C-9
-j 
B. Rut ile C-1-a-2 equivalent to C-10-a 
c . Total Ti02 Minerals 
D. Zircon 
E. Tourmaline 
F. Percentage Euhedral Tourmaline Grains (of total Tourm
aline) 
SELECTED HEAVY MINERAL TRENDS 
Figure 5 
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provenanc e studies . Many v ari etie s of tourmaline are pres-
ent o Clear to yellow, yellow to brown, light to dark green, 
clear to green, green to black, and p i nk to green pleochroic 
varieties are present in all samples. Traces of zoned crys-
tals~ light yellow to brown, and clear or pink to green are 
found in most samples, and minor amounts of blue, nonpleo-
chroic grains are found in all samples o 
Tourmaline is present in all stages of roundness 
from very well rounded to completely euhedral as well as 
fractured grains . Both clear and carbonaceous inclusions 
are present in all types of gra i ns except those that are 
blue and fractured . All five classes of tourmaline set up 
by Krynine (1946) are present . Euhedral yellow and green 
grains, both clear and with clear i nclusions, are present . . 
These are classified as plutonic tourmaline s. Euhedral 
grains of all colors, except blue, contain i ng large numbers 
of carbonaceous inclusions are interpreted as metamorphic 
tourmaline " The blue, nonpleochro i c, fractured grains are 
probably of pegmat i tic or i gin . Traces of poss i ble rounded 
tourmaline - overgrowths a r e found in a couple of samples. 
All varieties of tourma line, except blue, are found as 
rounded, subhedral to completely anhedral and broken grains 
and are interpreted as reworked sedimentary grains . These 
are mainly of . ori ginal pluton i c de rivation with moderate 
amounts of metamorph ic tourmaline . The euhedral grains, on 
the other hand, are roughly one - half plutonic and one-half 
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metamorph ic o 
The only trend that can be established is in the 
siltstones in the western port ion of the area . There, the 
percentage of euhedral grains (both plutonic and metamor-
phic) decreases from the bottom to the top of the sequence 
(figure 5) . The ratio of plutonic to metamorphic grains 
remains cons tant . 
Zircon 
Although zirc on is an ultra - stable mineral, it .is 
present in the Hennessey only i n minor amounts (table 3). 
The bulk of the zircon gra i ns are colorless, but traces of 
pink grains are present . Both clear and zoned grains are 
present with the clear ones predominant but decreasing to-
ward the top. A few grains are euhedral, both clear and 
zoned . The bulk of the grains are subhedral to anhedral 
and rounded . A larger percentage of the clear grains are 
euhedral than the zoned gra i ns o The light pink grains are 
almost spherical, never subhedral or euhedral o Zircons 
seem to increase toward the top of the formation (figure 5). 
Garnet 
Most of the garnets are colorless, angular, and 
moderately to highly etched . A few are subhedral to an-
hedral, rounded, and may or may not be et ched . Also, 
traces of pink, round grains and clear, euhedral grains 
are found . 
47 
Opaque Mi neral s 
Opaque mi neral s are normally of little value in 
provenanc e studies . For th is r eason and because of the dif-
ficulty in distinguis hing between i lmen i te and magnetite, 
they have been counted together along with hematite . Much 
of the hemat i te is au th i gen ic, ps eudomo r phic after pyrite, 
as shown by i ts cubic shape . 
Important Acce ss ory Minerals 
Stauroli te . Although staurolite is found only in 
traces i n seven of the 10 analyses, it is nonetheless a 
valuable provenance i nd icator . The grains are faintly pleo-
chroic, clear to light tan with a low birefr i ngence, and 
optically b i axial with a la r ge 2V . The shape of the grains 
is characteristic of detr i tal staurolite, elongate, hackly 
edges formed by the combination of cleavage and solution . 
Their presence indicates deri va t i on from regionally metamor -
phosed sedimentary rocks . 
Chlor i te . Normally the mi c as are not included in 
heavy mi neral counts. However, i n quantity, chlorite in-
dicates a metamo r phic source . It is found in measurable or 
trace amounts in all 10 analyses. The grains are thin 
cleavage flakes that are oval to round. There are few 
broken, angular fragments . Clear, light and dark green 
grains are found, whose 2V is very low to uniaxial and whose 
optical character is negat ive where determinable . The 
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interference figure is indistinct in most grai ns o Due to 
the hydraulic behavior of micas and susceptability of chlor-
ite to destruction by HCl, no conclusions were drawn from 
the wi dely differing percentages found in the 10 samples 
analyzed o 
Apatite . Abundant percentages of apatite were found 
in the non - acidiz ed samples (14 . 4 in C-10 - a and 9.8 in C- l-
a-2) o Subsequent reexamination of non-acidized portions of 
samples C-3-b and C-9 - f also showed abundant apatite . As 
this mineral is so h i ghly s usceptable to destruction by HCl, 
the percentages of i t are not reported and samples C-10-a 
and C-1 - a-2 were recomputed on an apatite-free basis to 
agree with the other analyses. 
The apatite found in the Hennessey is in clear, oval 
to spherical grains with no vis i ble inclusions. 
Trace Accessory Minerals 
Barite is present i n the samples and was discussed 
in the section on Sulfates . Pyrite is found in trace amounts 
in most of the samples. In most cases, noticeable pyrite 
occurred in those samples with a moderate or high opaque 
mineral percentage . Muscovite and biotite are present in 
trace amounts in roughly one - half of the analyses . As men-
tioned under Chlorite, the hydraulic behavior of the micas 
is too uncertain to attach much si gn i ficance to their per-
centages. Sphene, l ikewis e, is found as elastic grains in 
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one-half of the analyses . The occurrence of sphene is 
limited to those samples with the highest total TiOz per-
centages . 
Amphibole and/or pyroxene was identified in four 
samples and possibly in two others. Hornblende is present 
in one sample and a green pyroxene in another . The remain-
ing grains are too few for identification as to group or 
individual mineral. 
Evaluation of the Heavy Mineral Suite 
Approximately one-half of the heavy minerals are 
authigenic - leucoxene, recrystallized rutile and anatase, 
pyrite, and hematite . The majority of the remaining grains 
are the ultra-stable group, tourmaline and zircon, that show 
moderate to extreme rounding . Euhedral metamorphic and plu-
tonic tourmaline and zircon (acid igneous source) are 
present in minor amounts, decreasing toward the top of the 
formation . Moderate to abundant garnet and traces of staur-
oli te also indicate a metamorphic source as does abundant 
detrital chlorite . Traces of pegmatitic tourmaline are 
found. 
The source area as indicated by the heavy minerals 
has a complex lithology. Sedimentary sources are approxi-
mately equal to primary metamorphic/plutonic areas in the 
upper one-third of the Hennessey but increase in importance 
higher in the section, as shown by tourmaline ratios 
so 
(figure S, F). The sedimentary source itself is compoun
d, 
being derived from both igneous and metamorphic rocks. 
The 
metamorphic areas contain at least some metamorphosed se
di-




A. A·-1 5- b . 
Euhedral metamorphic 
tourmaline grain. 
plane polarized light 
(X250) 
C. C- 9- f. 
Two etched garnet; one 
euhedral plutonic tour-
maline; and subhedral 
and anhedral tourmaline 
grains . 
plane polarized light 
(XlOO) 
E. A-13-e - 1. 
Clastic barite nodule. 
plane polarized light 
(XlOO ) 
B. A- 13 - e - l. 
Staurol i te grain . 
plane polarized l i ght 
(X250) 
D. A- 13 - e - l . 
Euhedral garnet; two 
subhedral, unetched gar-
net; and one zoned zi r -
con gra i n . 
plane polarized light 
(XlOO) 
F. C- 9-c. 
Altered perthite grain, 
medium sand . 













A. A- 13-e - l. 
Metaquartzite (upper 
center) and quartz-mica 




C. B-4 - a-2. 
Clay/silt lamination, 
cross-bedding. 
plane polarized light 
(XlO) 
E. C-6-d-3. 
Quartz, highly altered 
perthite set in sparry 





B . C . H . AL - 1 - 6 . 
Well-oriented clay intra-
clast set in siltstone, 
sectioned parallel to 
bedding . 
plane polarized light 
(X25) 
D. C-9-j. 
Placer concentration of 
opaque minerals, bedding 
disruption by burrowing. 
plane polarized light 
(XZS) 
F. C.H. AL- 2 - 5 . 
Micritic intraclasts set 
in a micrite and silt 
matrix, differential 
iron oxide-staining be -
tween intraclasts and 
matrix, recrystallized. 











Except for a few channel and near-shore beds, the 
coarsest rocks in the Hennessey are siltstones. They are 
immatur e, coarse to fine silt, commonly laminated to very 
thin - bedded . Most are orthoquartzites but some are subgray -
wackes and subarkoses . The grains are angular to round; 
subequally angular and subangular, mode ra tely subround with 
traces of round grains . Quartz is the dominant elastic com-
ponent, feldspar 1-4 percent, and rock fragments 1-3 percent . 
Metamorphic rock fragments are quartzite, quartz-chlorite 
schist, and quartz - muscovite schist . These are normally 
smaller and more rounded than the quartz gra i ns . Sedimen-
tary intraclasts are mainly clay-carbonate with some clay 
grains and carbonate grains . These are commonly fine sand 
to coarse silt - sized and range from round to angular, with 
many flattened grains . The carbonate intraclasts show re-
crystallization . 
Bedding i s shown by most slides but in varying de -
grees . Some are extensively disrupted, probably by burrow -
ing . Mica and clay orientation is the most prominent 
SS 
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lamination, but alignment of intraclasts and segregation of 
silt and c lay in different laminae are also prominent . Two 
slides (A - 13 - e - l and A-15-b) have calcite cement with poi-
kilitic texture and show no bedding. 
Feldspar grains are about the same size and round-
ness as the quartz . Many cleavage surfaces are v i sible . 
No particular difference in the alteration of the feldspars 
was noticed between the two slides with poikilitic cement 
and those without , 
The alteration by type of feldspar is somewhat anom-
alous. Plagioclase is normally less altered than orthoclase 
but more-so than silt - sized microcline. Coarser grains of 
all types are more altered than the finer and the sand-sized 
grains of microcline and perthite are the most altered . 
The most common cement is microgranular dolomite; 
but euhedral and subhedral dolomite is predominant in some 
sl i des . The euhedral grains replace microgranular cement and 
occur as isolated grains in the clay matrix . In samples con-
taining both calcite and dolomite, as shown by x-ray data, 
only a few rhombs are found . Dolomite apparently formed 
first as an anhedral alteration of calcite and then later 
recrystallized . 
Both quartz and feldspar-overgrowths are found in 
the Hennessey, the latter only definitely identified in one 
slide. The quartz - overgrowths were formed after the car -
bonate cement as many contain grains of carbonate along the 
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grai n - ove r gr owth boundary . Overg r owths occur on ly as a 
c ement i ng agent between two or mo r e closely packed gr a i ns . 
They a r e never found on free grain edges. 
Numerous gra i ns i n most of the th i n - sect i ons show a 
th i n cl ay coa t i ng a r ound the gra i n . The coat i ng is pat chy, 
some c l os e - pac ked gr a i ns being sepa r ated by c lay whereas 
others a r e not . The relationsh i p between overgrowths and 
c oat i ngs is not c lear but, in a few i nstances, the over -
growths s eem to conta i n the clay coating , 
Some bar i te nodules i n A-13 - e - l seem to be concre -
t i ons. Howeve r , many are broken fragments and crushed 
gra i ns that have a e lastic appearance . In add i t i on, they 
are i ron - sta i ned whereas the host rock is not . They prob -
ably are auth i genic concret i ons that we r e reworked and 
depos i ted as i ntraclasts in the area in wh i ch they are now 
present . 
The one sandstone sectioned i s a channel sample 
(C- 6- d- 3) . The feldspars are highly altered and replaced 
by calc i te . Although this suggests post-depos i t i onal alter-
at i on, much of i t was pre-depositional as the large grains 
of mic r ocline and perthite throughout the Hennessey are 
h i ghly altered . There are apparently two generat i ons of 
cement in th is th i n-section. The grains are separated 
from each other and from the large plates of dolomi te by 
th i n layer s of c lay and microgranular carbonate . 
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Mudstones and Shales 
Most of the finer-grained thin -s ections are mud-
stones, but this is because only moderately or highly resist-
ant beds were sectioned . Clay comprises from 10 percent in 
some of the siltstone to as much as 70 or 80 percent in some 
of the s hales . Both the quartz and feldspar grains show no 
essential di fference between the shale and siltstone. Mud-
s tones and shales are both bedded and nonbedded . Finely 
laminated cross - bedding is also present . Bedding is shown 
by mica and clay orientation and by segregation of clay and 
silt into differeµt laminae . Possible burrowing causes some 
disruptions. Some samples show nothing but intraclasts of 
clay and clay - carbonate in a clay, carbonate, and silt ma-
trix . 
The red coloration in the shale is due to iron oxide -
staining . The staining coats all components of the shale . 
Thin-section studies show merely a removal of the stain in 
the green reduction spots, normally with a fairly sharp 
boundary between reduced and nonreduced areas . Clay orien-
tation in the rock proceeds uninterrupted into the reduction 
spots and quartz and feldspar grains in both areas have clay 
coatings. Thin -s ections which are mainly intraclasts show 
both clay and carbonate intraclasts are more deeply stained 
than the enclosing matrix . The same feature is shown in 
lami nated mudstones where intraclasts are scarce . This 
indicates that in these samples, at least, the staining is 
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post - depositional and pre-l i thif icat i on . 
Carbonates 
Only three carbonates were found, two surface and 
one core sample . All show moderate to extreme recrysta
lli -
zation o A- 4-a i s a cros s - bedded, highly argillaceous, 
dolo -
mitic limest one . Recrystallization is so extreme that 
no 
structure is left. Bedding is shown only by streaks of
 gray 
mud that is possibly carbonaceous . Some rhombs of dolo
mite 
are found but most of the dolomite (as indicated by x-r
ay 
data) is i ndistinguishable from the calcite " 
Sample C- 5- c is found between two igneous outcrops 
i n the Wichita Mountains . It is a thin, laminated, gra
y-
green claystone that has a layer of gray dolomite nodul
es 
in the center . These nodules are 3-4 inches thick and 
a 
foot or more i n d i ameter. Banding in the claystone see
ms 
to wrap a r ound the nodules . The claystone is mainly do
lo -
mi te but c ontai ns abundant clay . The nodules have less
 
than two or three percent clay, are lithographic, and s
how 
no structure . In thin-section, the nodule has no r
elict 
structure and s eems to be recrystallized micrite with t
he 
grains ranging from 5 to 15 microns . 
Sample 5 from the AL-2 Core is a dolomitized intra-
micr i te with micr i tic intraclasts . Recrystallization i
s 
ev i dent to the po i nt of removing all s tructure except t
he 
indications of . the intra~lasts . This rock shows the sa
me 
staining features as the intraclastic .mudstones . 
PROVENANCE AND ENVIRONMENTAL STUDIES 
Grain Size Analysis 
Grain size d i s tributions of nine siltstones and the 
elastic port ion of an argillaceous limestone were examined 
by sieve and p i pette methods (Folk, 1961) . The resulting 
cumulative curves, drawn on probability paper, were similar 
(figures 6-15) , The various statistical parameters are shown 
in table 4 . Mean grain size ranges from coarse to fine silt, 
but the mode (the most frequently-occurring grain size) 
ranges only from coarse to med i um silt . Inclusive graphic 
standard deviation, which is a measure of sorting, ranges 
from poorly to very poorly sorted. All 10 samples are 
strongly fine-skewed . This is interpreted as an excess of 
fine material, as can be seen from the "tails" on the cumu-
lat ive curves , The samples range from very to extremely 
leptokurtic . Th is indicates the bulk of the material is 
better sorted than the coarse and fine material . 
Various scatter diagrams of the statistical para -
meters were made . Three of these show l i near trends (figure 
16) . Standard deviat i on i ncreases as the mean grain size 
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M M <9- Sk
1 
K 
0 z I G ------
A-4-a 5.50 0 6.13 0 1. 52 0 +0 . 59 2"39 
A-13-e-l 4.13 0 5.63 0 2 . 31 0 +0.8 7 2 . 31 
A-15-b 4.30 0 4.85 0 1. 63 0 +0.77 3 . 94 
C- 1-a-2 J 4.25 0 5. 2 2 0 1. 86 0 +0 . 83 3 . 64 
C-3-b 4.40 0 4.94 0 1. 43 0 +0.63 3 .3 5 
C-9-c 4.40 0 5.11 0 1. 62 0 +0.78 2 . 91 
C- 9-f 4.20 0 4.80 0 1. 37 0 +0 . 73 3.36 
C- 9-j 4.25 0 4.60 0 1. 28 0 +0.71 5 .7 8 
C-9-m 4.80 0 5.48 0 1. 32 0 +0 . 50 1. 72 
C-10-a ' 4.15 0 4.65 0 1. so 0 +0.73 4 .67 
- ----- -·· ·--·-------- · ----·--·-·-·-----·---
Mode, inflection point of cumulative curve (only pa ram -
eter taken from arithmetic ordinate curve). 
Mean, 016+050+084 
Inclusive Graphic Standard Deviation, 084 - 016 095 - 05 
4 
+ 6 . 6 
Inclusive Graphic Skewness, 016+084 -2 (050) 05 +095 -2(050 ) 
2(¢84-¢16) + 2(¢95 - 05) 
Graphic Kurtosis, 095-05 
2.44(075-025) 
025 means the 0 size at 25 cumu lative precent point. 
Parameters taken from Folk, 1961. 
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mo re poorly so rted than the coarser. Skewness i ncreases 
wi th decreasing mean . Th is indicates the finer sediments 
have a greater excess of fine material . Also, kurtos i s de -
creas es wi th decreas i ng mean, indicating sorting of the 
bulk of the sample, relative to the very fine and coarse 
mater ial, dec r eas es with smaller mean grain size . All 
three of these trends are functions of the env i ronment, the 
lower the energy ava i lable, the less the wi nnowing of fines. 
Sourc e 
The heavy mi nerals i nd icate a predominately reworked 
sedimentary or i gin for the Hennessey with minor metamorphic 
detritus . The predominance of quartz over feldspar also 
supports th i s orig i n. The minor amount of feldspar could 
be acc ounted for by reworking or by minor primary igneous 
material in the main source area . The latter is i ndicated 
by the relative freshness of most of the feldspar gra i ns 
and by the presenc~ of euhedral zircon and subhed r al to 
rounded apatite . The possibility of multiple sources is 
indicated .by the somewhat anomalous alterat i on trends of 
the feldspar: large grains more altered than small, ortho -
clase more altered than plagioclase. Illite (primarily 2M 
polymorph) and chlor i te (trioctahedral) i nd icate der iva t i on 
from prev i ous s edimentary rocks and metamorphic rocks rich 
in these two mi neral s . Most of the clay is probably detr i-
tal ra the r than authigenic. Minor to moderate amounts of 
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coarse, elastic chlorite indicate a metamorphic source . 
The Henne ss ey grades into elastics and evapor i tes 
to the west (Nicholson, 1960) and to the northwest (Vosburg, 
1964). To the south, i ts equivalents are shale and silt-
stones, and it is absent by erosion to the southeast . A 
r e v i ew of the literature shows that the evapor i te s grade 
westward i nto arkosic deposits derived from the remnants of 
the "Ancestral Rockies" or Colorado Mountains (Cunningham, 
1961; Eddleman, 1961; Oklahoma City Geological Society, 
1956) . With the intervening evaporite sequence, i t is like -
ly that li ttle, if any, of the sediment in the thesis area 
was derived from Colorado and New Mexico . 
The Wichita Mountains are not considered as a major 
source for several reasons . Arkosic material simi lar to 
the granit es is found only in near -s hore and channel facies 
and as isolated gr ains in trace amounts in the rest of the 
formation . Although metamorphic rocks (Tillman Metasedimen -
tary Group) are f ound i n the Wichita Province, they are 
below the present i gneous exposures or are overlain by Cam-
br i an s ed i ments (Ham, Denison, and Merritt, 1964) . Subcrop 
areas of Tillman that could have contributed to lower Permian 
sediments are extremely limited in size (Dr . W. E. Ham, 
personal c ommunicat i on, 1967) . Current information i ndi -
cates continuous deposition from the Wichita Fo r mat i on to 
the Hennessey Shale with very little chance of reworking 
between formations . A special project by H. F. Alkersan 
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(personal communicat i on, 1967) shows that the clay mineral 
suite of the Hennessey Shale in the vic i nity of Norman, Okla -
h~ma is identical to that in the Wichita Mounta i n area . This 
indicate s the clay suite is uniform on both sides of the 
Anadarko Basi n and not affected by contributions from the 
Wichita Mountains / 
The Ouachita Structural Belt is a system o f folded, 
faulted rocks that stretches from the southern end of the 
Appalachians westward to the Ouachita Mountains i n Oklahoma 
and Arkansas, then south and west around the Ll ano uplift in 
Texas to the Marathon upl ift, and then south i nto Mexico . 
Most of th is is buried under the Cretaceous overlap . Sur -
face and subsurface s tud i es show abundant siltstone and 
sandstone; metamorphic rocks with i nc i pient to low-grade 
facie s ; and the possibility of some Paleozoic acid igneous 
mater i al . Cl ay minerals p r esent i n many of the f ormat ions 
are p r edom i nantly illite with minor to moderate amount s of 
chlor i te . Metamorphic rocks i nclude slate~ phyll it e, meta -
quartz it e, and sch is t (Flawn, 1961; Goldste i n, 1961; King, 
1961; Weaver, 1961 ) . 
The Arbuckle and Ozark upl ifts we re othe r poss i ble 
sources, but were p r obably low during Leonard i an time and 
cont ri buted little to the Hennes sey (F lawn, 196lb) . Ro cks 
in these two areas a re pre dom i nantl y c arbonate and shale 
wi th some acid i gneous material which is not overly similar 
to the character of the Henne ssey se diment s. 
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Environment 
,The Hennessey Shale was deposited in a low - energy 
environment as shown by the sorting and fine gra i n size . 
Although ripple-marks, cross - bedding, channeling, and desic-
cation cracks (C- 5- c) are present, they are scattered and 
mi no r . Some rocks show disruption by burrowing, but others 
are def i n itely i ntraclastic, indicating at least intermit-
tantly h i gher energy in the depos i tional basin: 
/ 
The 
location of the series of siltstones in the western portion 
of the area indicates they are a function of environment 
rather than source. Nom i nal uplift of the Wichita - Amarillo 
t r end c ould have created a slight ridge along an otherwise 
flat sea floor . Sediments accumulating along this trend 
would have a higher silt content than those in deeper water. 
The location of these siltstones is believed to be restrict -
ed to the axis of the Wichita-Amarillo trend (Dr. K. S . 
Johnson, personal communication, 1966) . The climate was 
somewhat arid as shown by the evaporites to the west and 
northwest (Nicholson, 1960). Extreme weathering of the 
co arse el ast ic mate ri al could st i ll be ach i eved i n a semi-
arid climate if the land surface was relatively low-lying 
as the Wi chita Mountains were. The difference i n alteration 
between the silt - size d feldspar and the coarse perth i te in-
dicates either an arid climate or h i gh reli ef i n the major 
source area and was p robab l y due to h i gh r el i ef and rapid 
erosion . 
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The lami nation of the beds and the skewness and kurtosis 
values of the siltstones indicate frequent and minor fluc -
tuat i ons in the energy of the environment or the sediment 
load, and probably both. Disaggregation of a rock composed 
of well s or ted silt laye r s and clay layers will provide the 
leptokurt i c , f i ne skewed character noted for the Hennessey 
siltstones . Many of them show this lamination . Other 
causes for the difference i n sorting between the . clay and 
the bulk of the material are clay aggregates and clay coat-
ings on coarser grains, both of which are noted in thin-
section o 
CONCLUSIONS 
c:fhe Henne s se y Shale i s a series of marine s i ltstones, 
muds tones, and shales. The pr i nciple environment is sh
allow 
ner i t ic w.i th a s soci ated t i dal - flat and near-shore facie
s. 
The bu l k o f t he ro c ks are orthoquart z ites, mudstones, a
nd 
claystone s wi th s ome s ubgr aywacke, subarkose, and car bo
nate 
beds. The ma j o r c ement i s dolomi te, penecontemporaneou
s ly 
alte r ed fr om c al ci te . 
No f urther ans we r s were prov i ded for the que s t i on of 
the or i g i n of red colo ra t i on i n shales. Ind i cat i ons are 
that s ome of i t i s post - depos i t i onal . Fi eld s tud i e s sh
ow 
many o f t h e gre en r educ t i on spot s and zones a r e a s soci
ated 
wi th carbonac eous s pots and f ractures, but many have n
o such 
clea r ori g i n . <i ,t doe s s eem, however, that there i s no 
d i f-
f e r enc e wha t s oe ve r i n the red and green sed i ment other
 than 
the r educ t io n of the iron ox i d~ 
-
Mi nera l ogy of both the l i ght and heavy f ra c t i ons i n -
d icate a s ourc e a re a compo se d of te r rigenous s e d i menta
r y 
r ocks wi th mi no r aci d plut on i c, metamorphic, and pegma
t i tic 
r o ck s ~/~The cont ribut i on of the Wich i ta Mount ai ns i s shown 




facies. Lithology, intervening sediment types, and struc-
tur al considerations e l i minate the Colorado Mountains, 
Arbuckle Upl i f t, and Ozark Uplift as source areas for more 
than minor contributions of sediment. The Hennessey is low 
in arkos ic mater i al and eparated from the Colorado Moun -
ta i ns by evapor i te s;,/ The sedimentary rocks i n the Arbuckle 
Uplift are ma i nly c arbonate with minor shale . This shale 
contains i llite but does not have chlorite . The lower 
Paleo zo i c r ocks of the Ozark Uplift have a clay mineral 
suite high in kaolinite (Dr. C. J. Mankin, personal communi -
cation, 196 7) which is not found in the Hennessey . The 
Ouachita Sys tem is low in carbonate rocks, high in terrig-
enous and metamorphic rocks, and has abundant chlorite and 
illite. The absence of kaol i nite and abundant carbonate 
rock fragments; presence of illite, chlorite, and metamorphic 
det ri tus; and gra i n size of the Hennessey indicate a moder -
ately distant source area with. a varied composition as would 
be provided by the Ouachita Structural Belt . 
An i nterm i ttantly unconformable contact between the 
Hennessey and Dun c an, mentioned by previous writers, is 
strengthened by the demonstrated alterations in mineralogy 
i n the upper port i on of the Hennessey , 
Clay mi neralogy of the formation is unifo r m. Ill i te 
is the ma j or c lay with chlorite being present in trace to 
mode r ate amounts . The illite - chlorite mechanical mixture 
at the base of the formation s hows a marked similarity to 
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the under l yi ng Wi ch i ta For mat i on. Crystall i nity of the core 
sampl e s i n all cas e s i s j us t sl i ghtly better than the sur-
f ace s ample s , Th is vari at i on is attr i buted to present day 
surfa c e weatheri ng . The alterat i on of chlorite to randomly 
i nt er l aye r ed chlor i te - ve r miculite i ncreases from east to 
we s t , Th is alte r at i on proceeds by r emoval of iron and prob-
ably ma gnes i um fr om the bruc i te layer and is more pronounced 
i n the f i ne r than i n the coarser f ract i ons . The alteration 
i s present i n both core and surface samples and is therefore 
not due to p r esent day sur f ace weather i ng , An increase in 
flu i d c i rculation due to i ncreasing s i lt content i n the 
western portion of the area i s a probable cause of the alter-
at i on . 
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Each sample was ground to less than 80 mesh wi
th a 
ceramic mortar and pestle . Splits were then o
btained of 
approximately 10 grams and 70 grams , The large
r spl i t was 
stored in a glass bottle against future needs . 
The smaller 
spl i t was placed in a beaker filled with distil
led water and 
dispersed in an autosonic generator. Calgon w
as added as a 
dispersant to all samples at the rate of 2.54 
grams per liter 
of water , 
Oriented slides for x-ray diffraction were pre
pared 
from the dispersed sample . Withdrawal from 1 
centimeter 
after a 15 minute wait was the technique used 
to obtain ma-
terial of less than 4 microns equivalent spher
ical diameter. 
Randomly oriented powder slides were made by c
rushing the 
sample to less than 115 mesh and sieving the m
aterial direct-
ly onto a vaseline-coated slide . 
Oriented slides were first placed in a constan
t hum -
idity environment, approximately SO percent rela
tive humid -
ity , for a min i mum of 8 hours before being x-ra
yed . The 
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slides were then placed in an ethylene glycol 
atmosphere at 
60°C for a minimum of 8 hours and x-rayed agai
n. 
Size Fractionation 
Particle size fractionation was done partly by
 decan -
tation and partly by continuous-flow centrifug
e. Settling 
to 20 centimeters for 3 . 5 hours produced the l
ess than 4 
microns and repeated settling to 10 centimete
rs for 24 hours 
produced the less than 1 micron size. The rem
aining size 
fractions were obtained by continuous-flow ce
ntrifuging: 
~-1 micron, flow rate of 5 minutes per liter, 
centrifuge 
speed 3,000 RPM; ~-~micron, 5 minutes per lit
er at 6,000 
RPM; and 1/8-~ micron, 5 minutes per liter at
 12,000 RPM . 
X-ray Diffraction 
The equipment used consisted of a Norelco gen
erator, 
goniometer, scintillation counter, and record
er and a simi-
larly equipped Siemens generator. Nickel-fil
tered copper K- a 
radiation was used in both generators. Five 
samples were 
examined on a Norelco goniometer equipped wit
h a high-tem-
perature, beryllium-window furnace which perm
itted continu-
ous recording of x-ray diffraction during hea
ting from room 
temperature to lOOo 0 c. The furnace programmer also allowed
 
interruption of the heating cycle and mainten
ance of any 
given temperature for a period of the time be
fore resuming 
heating. 
Powder patterns were run from 5° to 60-650 28
, 
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oriented - humi dified sli de s from 2-3° to 46
° 28, and oriented-
ethylene gl ycol sli des were run for a vari
able distance, 
determined by the mineralogy present . 
Differential Thermal Analysi s 
Sample3 were run on a Robert L. Stone Mod
el DTA-13M 
dif fere nt ial thermal analysis unit using 
an inconel s ample 
holder, helium as a pu r g i ng gas, and a he
ating rate of l0°c 
per minute . The sample s run were dried p
owder, ground to 
less than 80 me s h . The purg i ng gas was m
ainta i ned at con-
stant pressu re . Car e was taken to insure 
that the quantity 
of material us ed and the degree of packing
 of the sample were 
constant . 
Particle Size Distribution Analysis 
Siltstone samples were analyzed by sieve 
and pipette 
techn i ques . The samples were initially d
isaggregated by 
gentle crushing in . a mortar and pestle , 
Two samples were 
weathered and fr iable enough that this wa
s sufficient . The 
remaining samples were treated with warm 
HCl for 8 hours to 
remove the carbonate cement . Sand distrib
ution was deter -
mined by using a U. S . Standard Sieve set
 with a ~ 0 - unit 
i nterval . Each sample was agitated for 1
5 mi nutes on a Ro -
Tap mach i ne and the size fractions weighe
d . 
The material less than 4 0, silt and clay, was 
weighed and d is persed in a liter of disti
lled water . Period-
ic withdrawals of 20 milliliters of the s
uspension were then 
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ma de at t he f ollowi ng t i mes and depth s: 
4 . 0 0 20 cm 20 s ec 
4 . 5 0 20 cm l mi n 45 s ec 
5 . 0 0 20 cm 3 mi n 30 s ec 
5 . s 0 15 cm 5 mi n 10 s ec 
6 . 0 0 10 cm 7 mi n 
6 . 5 0 10 cm 14 mi n 20 s ec 
7 0 0 0 10 cm 28 mi n 
8 . 0 0 10 cm 1 hr 40 mi n 
9 . 0 0 5 cm 3 hr 25 mi n 
10 . 0 0 2,5 cm 6 h r 40 mi n 
1 1. 0 0 L2 cm 13 h r 20 min 
Temp eratur e of the labo r atory was 26-27 °c. Ti mes 
and depths of t he wi thdrawal s we r e dete r mi ned fr om a nomo -
graph i n us e at the Un iversity of Oklahoma, der i ved
 fr om 
Stoke s ' Law . The withdr awals were placed in dry , w
e i ghed 
beake rs and dri ed at 7o0 c, cooled for 4 hours to i nsure ad -
j ustment to atmospheri c cond i t i ons, and we i ghed . C
omputat i on 
of the cumulat i ve per cent of each size was then don
e by the 
method of Folk ( 1961) . The results of the sieve an
d p i pette 
anal ys i s f or each s ampl e were comb i ned i nt o a c umul
ative 
curve dr awn on pr obab i l i t y pape r . Va ri ous s tat isti
cal 
measur e s (Fol k , 1961) we r e t hen comp le ted f or eac h 
s ample . 
Hea vy Mi neral Separat i on 
Due t o the grai n siz e of the sample s and the mes h o
f 
t he ava i lab l e si eve s , he avy mi ne r als we re sepa ra t ed
 fro m t he 
4 . 0- 4 . 75 0 fra c tion of t he s i lt s t one s . Separ at i on wa s don e 
usi ng an I nt er na t ional Centrifuge , model CSO and te
t ra -
bromoe thane . Samp l es we r e run at approx i mately 4 , 0
00 RPM 
f or 5-1 0 mi nut es, stirred , and run aga i n . The l i gh
t s we r e 
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poured fr om the top of the centrifuge tu
bes and the heav ies 
washed from the bottom . After drying, 
the heavy mineral crop 
was separated into two more or less equ
al fractions, magnet ic 
and non-magnet ic , on a Frantz Isodynamic
 Separator . 
Grain mounts were then made of each sam
ple i n Lake -
side 70 C and i dent i f i ed on a Leitz petr
ographic mi croscope . 
X-rays were run on several of the sampl
es as an aid in ident -
ification . Percentages were determined 
by counting 300 
grains in each slide . 
Sampling 
Outcrops were selected to give the best
 pos sible 
coverage of the format i on. Each outcro
p was measured and 
divided into beds by variation in lithol
ogy and color . 
Samples were then taken from the main v
ariations at each out -
crop. Both vertical and horizontal var
iations were sampled . 
One to two liters of each sample were p
lac ed in cloth sample 
bags , Depth of sampling was surface to
 1 foot deep, depend -
ing on weathering conditions. 
Each of the three sample areas (see Met
hods of In -
vestigation) are de si gnated by a capita
l letter, A, B, C. 
Each outcrop in the traverse is then de
signated by a numbe r, 
A- 13, B- 5, etc , The different beds at 
each outcrop are then 
designated by lower - case letters, A-13-
p, B- 5- a, etc. Fina l -
1~ if more than one sample pe r bed is t
aken, each is des i g-
nated by another numbe r. The final sam
ple designat i on would 
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then be: Li ne , Outcrop, Bed, Sample; A-13 - p - 5 . 
Petrographic th i n - s e c tions furnished by the Uni ve r
-
si t y of Oklahoma are numbered 964 to 979 . Those p
repared by 







































Cen. E~ NW~ sec. 36, T. 6 N., R. 18 W. 
Cen. N~ SW~ NE~ sec. 25, T. 6 N., R. 18 W. 
NE~ NW~ NE~ SE~ sec. 19, T. 6 N., R. 17 W. 
Cen. W line SW~ NW~ sec. 20, T. 6 N., R. 17 W. 
Cen. N~ NE~ NW~ NW~ sec . 20, T. 6 N., R. 17 W. 
Cen. N line NW~ NW~ sec. 17, T. 6 N., R. 17 W. 
Cen. S~ SW~ sec. 8, T. 6 N., R. 17 W. 
Cen . E line NE~ SE~ NE~ sec . 8, T. 6 N., R. 17 W. 
NW~ NW~ NE~ sec. 9, T. 6 N., R. 17 W. 
Cen . W~ NW~ sec. 4, T. 6 N. , R. 17 W. 
Cen. N line NW~ NW~ NW~ sec. 33, T. 7 N., R. 17 W. 
On S line 1200' from E line sec. 27, T. 7 N. , R. 17 W. 
From base at NE~ SW~ NE~ sec. 27, T. 7 N., R. 17 W. 
northwest to top in escarpment in N~ SW~ SW~ SE~ 
sec. 22, T. 7 N., R. 17 W. 
Cen. E~ NW~ NW~ sec. 26, T. 7 N., R. 17 W. 
SE~ NW~ SW~ sec . 23, T. 7 N., R. 17 W. 
Cen . W~ NE~ sec. 18, T. 7 N., R. 16 W. 
SE~ SE~ sec. 8, T. 7 N., R. 16 W. 
NE~ NE~ sec. 9, T. 7 N., R. 16 W. 
Cen. W~ sec. 33, T. 7 N., R. 20 W. 
Cen . N line SE~ sec. 27, T. 5 N. , R. 20 W. 
Cen. NW~ sec . 11, T. 7 N., R. 16 W. 
Cen. N~ SW~ NE~ sec. 10, T. 5 N., R. 19 W. 
NE~ SE~ NW~ SW~ sec. 9, T. 5 N., R. 19 W. 
Cen. S~ SE~ SE~ sec. 5, T. 5 N., R. 19 W. 
SE~ NE~ sec. 5, T. 5 N., R. 19 W. 
N~ S~ S~ sec . 32, T. 6 N., R. 19 W. 
Cen. S~ NW~ sec. 32, T. 6 N., R. 19 W. 
SE~ SW~ SW~ SW~ sec. 13, T. 6 N., R. 19 W. 
Cen. E~ W~ NW~ sec. 24, T. 6 N., R. 19 W. 
NE~ NW~ SE~ SW~ sec. 24, T. 6 N., R. 19 W. 
Cen. S line, sec . 24, T. 6 N., R. 19 W. 
NE corner sec. 36, T. 7 N., R. 19 W. 
On cen. line 375' E of W line sec. 30, T. 7 N., 
R. 18 W. 
Cen . w~ w~ sec. 20, T. 6 N., R. 22 W. 
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Cen . NE~ SE~ sec. 29, T. 6 N., R. 22 W. 
From cen. N~ SE~ SE~ sec. 29, T. 6 N., R. 22 W. 
southwest along escarpment to S line sec. 29. 
From NW~ SE~ NE~ sec. 32, T. 6 N., R. 22 W. south-
west to river. 
On north bank of river approximately 0.1 mile W of 
dam/road in SE~ sec. 21, T. S N., R. 20 W. 
Cen. E~ SE~ SE~ sec. 19, T. S N., R. 20 W. 
150' S of cen. N line sec. 34, T. 6 N., R. 21 W. 
Cen. S~ SE~ SW~ sec. 21, T. 6 N., R. 21 W. 
From NE corner sec . 19, T. 6 N., R. 21 W. west to 
cen . NW~ NE~ NE~ NW~ same section . 
From 1600' east of NW corner west to NW corner 
sec. 24, T. 6 N., R. 22 W. 
Cen. NW~ NE~ NE~ sec. 2, T. 6 N., R. 22 W. 
Corehole Location 
AL-1 Cen. NE~ sec. 13, T. 7 N., R. 16 W. 
AL-2 NW~ sec. 13, T. 6 N., R. 19 W. 
Gotebo NE~ SW~ SW~ sec. 2, T. 7 N., R. 16 W. 






















Se c t i on measured at outcrop A-1 3 . 
Shale, green to tan, with intermittant sil
ty 
and limonite - stained beds, upper 11 feet 
Feet 
b rowne r than lower 8 . 5 feet . 
19 . 5 
tan shale, 18 ' below top . 
green shale, silty, res is tant, 17 ' below 
top . 
gr een shale, 11 . 5' below top . 
limonite - stained zone, 8" thick, 11' below
 
top . 
brown s hale, 5' below top . 
limonite - stained zone, 3' below top . 
tan shale, malachite-stained, 6" thick, l'
 
below top. 
Shale, red with gr een spots, some interbed
ded 
gre en shale, slightly blocky . 
16 . 3 
dark red shale, few green spots, 8 . 5' th ic
k, 
7 ' below top. 
green shale, 9" thick, 8 . 5' below top . 
dark red shale, few green spots, 5' thick,
 
12 . 8' below top . 
Shale, gr een silty. 
Shale, re d, s i lty . 
Sil t st one, gray - green, cal~areous, platy . 
Shale, da r k red with some green mottling, 
green s pots, s i lty in places. 
da r k red shale with few green spots, 4' 
thick, 4 . 5' below top . 
dark re d shale, weathers dark, 1 . 5' th ick,
 
9 . 5' below top . 
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0 . 7 
0 ' 7 
0 . 6 


















Shal e, i nterbedded green and r ed, s i lty , blac k
 
c oncret i ons i n bas e, 1 . 5' below top . 
2 . 2 
Sha l e , r ed, gr een s pots, silty zone s. 
10 . 0 
s hale, li ght r ed, numerous green spots, 
si lty, 2" th i ck, l' below top . 
s ha le, r ed, 5 . 5' below top. 
Cove r ed 
Shale , r ed i nterbedded with gray - green, few 
gr een s pot s i n upper half. 
green shale, l' th i ck, 2' below top . 
dar k r ed shale, 7' below top. 
Sha l e, dark red, sampled in middle . 
Clays tone, green, noncalcareOU$ . 
Cove r ed 
Si lt s tone, l i ght gray - green, noncalcareous, 
t h i n - bedded, very friable . 
Siltstone, light gray to tan, med i um-gra i ned, 
c al c areous, beds paper thin to 2" thick, 
lower 3 '' slightly sandy, upper and lower 
th i rds more resistant than middle . 
upper th i rd of unit . 
mi ddle third, very friable . 
lowe r th ird, resistant, lmm rounded gra i ns 
of pink barite . 
Shale, mottled tan and green, i ntermittant 
l i mon i te zones, 2 . 7' below top . 
Shale, gr ay -green, noncalcareous, 1 . 5' below 
top . 
Cov ered 





5 . 9 
4 . 0 






C- 1 to base i n outcrop C-4 . 
Si lt s tone, li ght gray, calcareous, fr i able, 
no appa r ent bedd i ng, r ounded grains of 
quart z and p i nk feldspar - i n bas al 2", top 
ero de d , " Bri nkman Bed" 
2. 5' be l ow top . 
basal 2" . 








Shale, red, silty, 7.3' below top. 
Siltstone, light gray, thin-bedded. 
Shale, green, highly weathered. 
Shale, red, highly weathered, sampled in 
middle. 
Siltstone, light gray, beds up to 2" thick . 
Shale, gray, poorly exposed. 
Shale, red-brown. 
a- Alternating siltstone and silty shale, 
gray-






2 . 0 




siltstone, red and green, irregular to thin-
bedded, 0.8' thick 
1 shale, upper 2/3 red, lower 1/3 green, 
2' 
thick, sampled l' below top. 
2 siltstone, light gray, irregular to th
in-
bedded, 1.5' thick, sampled at top. 
3 siltstone, gray, friable, l' thick . 
1 
2 
hale, green, 6" thick. 
siltstone, light gray and red, irregular to 
massive-bedded, 2 11 thick. Base of Bed "Z". 
Shale, red with some green mottling in upper
 
5' . 
l' below top. 
11' below top. 
b Siltstone, light gray-green, coarse-gr
ained, 
calcareous, thin-bedded, some channeling in 
18 , 0 
middle, sampled in channel. Bed "Y", 
1. 0 
c Shale, green. 
0.3 
d Shale, red, 7' below top. 
9.0 






1 . 0 
Shale, red, thin gypsum seams, several to th
e 
inch, in the lower and upper thirds. 
1 . 5' below top, contains gypsum. 
3.5' below top, no gypsum. 
8 . 0 
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g Si lt s tone, light gray, sandy, numero
us gypsum 
s t ri nge rs , thin - bedded, top and base grada
-
t i onal into shale, variable thickness, 
s ampled 4' below top . Bed "X". 










Sha l e, uppe r ~ red, lower ~ green, silty . 
red s hale, l' below top . 
gr een s hale, 2' below top , 
Shale, r ed, gypsum veins and seams up to 
2" 
th i c k . 
r ed shale, 6' below top . 
r ed s hale, 17' below top . 
gr een shale zone, 22' below top. 
red shale, 29' below top . 







s eams and red gypsum concretions, friable,
 
appea r s massive. Bed "W". 
s i ltstone, 3.5' below top. 
silt s tone, 4.7' below top , 
r ed gypsum concretions . 
Shale, green . 
Shale, red, numerous gypsum seams. 








crop C-10 to base i n outcrop C- 9 . 
Siltstone, light gray, calcareous, friabl
e, 
coarse - gra i ned, no apparent bedding, 
rounded grains of quartz and pink feldspa
r 
i n lower part, top eroded, sampled 3.5' 
below top . "Brinkman Bed". 
Sha l e, r ed, h i ghly weathered, 2' below to
p . 
Si ltstone, gray, interbedded with shale, 
fri able . 
Shale, r ed, poorly exposed. 
Si ltstone, light gray , rn i caceous, interbed
ded 
wi th shale, f r iable, 4 . 5' below top . 
Shale, gray - gr een, s i lty . 
Clay stone, r ed, 1 . 5' below top . 
3.0 
34 . 0 




4 . 0 
2 . 0 
10 . 0 
6.0 




m Siltstone, light gray, calcareous, medium-
grained, thin-bedded to beds 4" thick, 
sampled in middle. Base of Bed "Z". 2 . 0
 
1 Shale, green, sampled in middle . 
2 . 0 
k Shale, red, 6' below top. 
12.0 
j Siltstone, light-gray, calcareous, coarse-













3" non - laminated . Bed "Y". 2.0 
Shale and claystone, green, persistant 
yellowish-tan zone in middle. 
yellowish-tan shale. 
basal green shale. 
Shale, red, sampled 1.5' below top . 
Siltstone, interbedded with shale, light gray 
1. 3 
6.0 




Shale, yellow-green, sampled 2' below top. 
Siltstone, light tan to gray, calcareous, 
coarse-grained, thin-bedded, sampled 3' 
below top . Bed "X". 
Siltstone, green-gray, shaly. 
Shale and claystone, green, sampled ~' below 
top. 
Shale, red. 
green shale zone, l' thick, sampled 8.5' 
below top . 
red shale, sampled 10' below top . 
Siltstone, light gray - green, calcareous, 
medium-grained, some angular quartz and 
feldspar, thin-bedded, sampled basal 4" . 
Bed "W" . 
Shale, green-gray. 
Shale and claystone, red. 
red shale, sampled 2.5' below top " 
3.0 
4 . 0 
2 . 5 
3 " 0 
23.0 
3 . 0 
5. 5 
9 . 0 
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2 r ed c laystone, some angular quartz and feld -
spar, sampled 4' below top . 
Shale, green - gray . 
L O 
Si ltstone, light gray, thin-bedded. 1
. 0 
a Sha le and c laystone, green, few angular quart z 
and feldspar grains, variable thickness . 0 . 5- 1 . 0 
Shale, r ed . 2 . 0 
APPENDIX IV 
Thin-section Description 
Terminology is taken from Folk (1961) . Descriptio
ns 
of terrigenous rocks follow the outline below. C
arbonates 
are modified from the outline given . 
Thin-section # (if numbered) 
I. Sample#, location in section . 
II. Name of rock: Grain size: prominent ceme
nts, matur -
---rt"y-,-notable transported constituents, main roc
k 
name . 
III. Megascopic Description: Structures, colo
r, hardness, 
rock type . 
IV . Microscopic Description: 
A. Texture: Grain size (extreme, 16 - 84 %, mean, 
where grain size analysis made), distribution, 
shape . · 
B. Authigenic Cements: Kind, distribution, per-
centage (of rock), paragenic relat i onships . 
C. Mi neral Composition: (type, percentage of 
terr1genous material, properties of each) 
1. Quartz: 
2 . Feldspar: 
3 . Miscellaneous terrigenous material : 




I. A-4-a, sampled from float, sectioned perpend
icular 
to bedding. 
II. Argillaceous, dolomitic microsparite . 
III. Very thin-bedded, cross-bedded, medium gra
y , a r gi l-
laceous l i mestone. 
IV. A. Grain size: (terrigenous grains) ext r e
me , 4 . 5 0 
#974 
to clay size; 16-84%, 5.20-7.40 0; me an, 
6.13 0. Poorly sorted, fine-skewed, b i modal 
distribution. Grains are angular . 
B. Recrystallization has been extreme . Bedding i
s 
shown only by gray streaks of mud. Angular 
silt, showing replacement by calcite is scat-
tered throughout the rock. X-ray study shows 
that carbonate is mainly calcite with minor 
dolomite, total carbonate is 60%. 
C. Authigenic pyrite present i n abundance . Most 
has been altered to hematite . 
I. A-7-a, sampled 3 feet above base of outcrop
. 
II. Dolomitic, immature, orthoquartzite mudsto
ne. 
III. Blocky, red shale, green reduction spots . 
IV. A. Grain size: 4.0 0 to clay size, intraclasts 
2.0 0 to 3.0 0. Poorly sorted . The grains 
are angular to subround. 
B. Dolomite: mainly micrite, intimately mixed 
with clay matrix, trace silt - s iz ed anhedra . 
Total less than 20% . 
C. 1 . Quartz: slightly to strongly undulo s e 
extinction, minor composite grains . Mos t 
grains contain vacuoles, some clea r . 
2. Feldspar: plagioclase, trace of orthoclase 
and microcline, most fresh to slightly 
altered, some highly vacuol iz ed . Total 
less than 2%. 
3 . Metamo r ph i c rock fragment s : quar tzi t e, 
#972 
I . 
I I . 
I I I . 
IV , 
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quartz-mica schist, and mica schist. 
Total trace. 
Clay intraclasts: rounded to elongate j 
some have micritic dolomite, larger than 
silt grains. Total trace . 
D. Slide heavily iron-stained. Silt gra
ins s how 
coating of clay. Green reduction spOLS sh
ow 
silt floating in a randomly oriented netw
ork 
of c lay , Thicker patches of clay show he
avi e r 
iron - staining . No evidence of bedd i ng . 
A-13-e-l, sampled 10 feet above base of o
utcrop, 
sectioned perpendicular to bedding. 
Medium siltstone: calcitic, immature, fe
ldspathic, 
barite-bearing subgraywacke . 
Thin-bedded, light gray to tan, resistant
 siltstone . 
A. Gra i n size: extreme, 1 . 5 0 to clay size; 
4 . 03-8 .5 5 0; mean, 5 . 63 0 . Very poorly 
fine-skewed, multi-modal distribution. 
gra i ns are angular to round . 
16 - 84 %, 
sorted , 
The 
B. Calcite: poikilitic development over
 entire 
slide, minor replacement o f quart z . Tota
l 
25-3 0%. 
C. 1 . Quartz: straight to strongly und
ulose ex -
tinc tion, some composite, Many of the 
fine-sand grains are more angular than 
the med i um and coarse silt . Most gra i ns 
have vacuoles or microlites, some clear, 
trace of apatite, zircon, and tourmal i ne 
inclusions. 
2 . Feldspar: plagioclase, minor orthocl
ase, 
trace of microcline . Most grai ns fresh, 
minor amount of alterat i on and vacuoliza-
tion . Total less than 5%. 
3 . Metamorphic rock fragments: qua r t zit
e, 
quartz - muscovite schist, qua r t z-chlor ite 
sch is t, most grains round to subround . 
Total 5-10% . 
Bar i t e: round, radi al structure around 
#970 
I . 
I I . 
I I I . 
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silt or indeterminate center, pinkis
h -





D. No trace of bedding over entire 
slide . Thin 
coating of clay around silt grains . 
Small 
patches of very fine silt and clay 
matrix 
and floating character of the grains
 indicate 
that the carbonate has replaced the 
original 
pellitic matrix . 
A- 15 - b, lens of Duncan-type siltsLon
e in upper por-
tion of Hennessey Shale, sampled 7.5
 feet below 
base of Duncan. 
Coarse siltstone: calcitic, dolom
itic, immature, 
intraclast-bearing, feldspathic, MR
F - bearing, 
orthoquartzite. 
Thick-bedded, medium gray, very res
istant siltstone . 
IV. A. Grain size : extreme, 1.7
5 0 to clay size; 
16-84%, 4.10-6 . 05 0; mean, 4.85 0. Poo
rly 
sorted, fine-skewed, trimodal distri
bution . 
The grains are angular to subround. 
B. 1. Calcite: poikilitic over e
ntire slide . Re -
placement of quartz and feldspar is
 abun-
dant . Total carbonate cement 25 -3 0%
. 
2 . Dolomite: minor, rhombohedral 
crystals 
replacing poikilitic calcite. 
C. 1 . Quartz: straight to strong
ly undulatory 
extinction, trace composite, most s
lightly 
undulatory. Most grains have vacuo
les or 
mic rolites, some clear, trace of ac
icular 
mineral and biotite inclusions. 
2 . Feldspar: plagioclase, orthocl
ase, trace 
microcline . Orthoclase is fresh to
 highly 
vacuolized, plagioclase fresh to m
oderately 
altered . Total less than 5% . 
3. Metamorphic rock fragments: qu
artz i te and 
#977 
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quart z -mica schist. Smaller and mo r e 
rounded than quart z and feldspar , Total 
less than 5%. 
Carbonate - clay intraclasts: rounded clay -
stone fragments of carbonate and carbonate -
clay . Total less than 5% . 
D. No evidence of bedding. Quartz grains are float -
ing in poikilitic cement. Trace of orig i nal 
clay and very fine silt matrix . Stained in 
places by green and red minerals (malachite 
and cuprite?), trace only. 
I. A-22-a, sampled 1 . 2 feet below Duncan Sandstone . 
II. Dolomiti c , immature, calcarenitic orthquartz i te mud-
stone . 
III. Blocky, greenish-gray mudstone. 
IV. A. Grain size: 3.5 0 to clay size. Poorly sorted . 
The grains are angular to subangular . 
B. Dolomite: mostly microgranular cement, some 
silt-sized anhedra and trace of rhombs. Minor 
replacement of quartz and feldspar . Total 
less than 25%. 
C. l , Quartz: straight to strongly undulatory 
extinction, most slightly undulatory, 
trace stretched composite grains . Most 
grains have clay coating. 
2. Feldspar: plagioclase, orthoclase, trace 
of microcline, orthoclase highly vacuol -
ized, microcline largely fresh, plagio-
clase partially altered. Total les s than 
2 % .
3. Metamorphic rock fragments: quartzite and 
quartz -mica schist . Total trace . 
Carbonate and carbonate-clay intraclasts: 
angular to round, no orientation, primarily 
carbonate. 
D. Dolomite cement quite patchy, possibly due to 




I I . 
I I I . 
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B-4-a-2, sampled 4 feet above base of outcrop , 
Dolomitic, immature, intraclast-, feldspar - , and 
MRF-bearing, orthoquartzite mudstone. 
Blocky, red shale, green reduction spots . 
IV. A. Grain size: 3.75 0 to clay size. Poorly sorted . 
The grains are mostly angular, some subround . 
#965 
B. Dolomite: predominately silt - sized anhedr a and 
rhombs, fairly uniform distribution . Total 
less than 15%. 
C. 1 . Quartz: slight to strongly undulose extinc-
tion, trace composite grains, most slightly 
undulatory. Most grains have vacuoles, 
trace clear and microlites. 
2. Feldspar: plagioclase, microcline, trace 
orthoclase, most fresh to slightly altered, 
few very fine sand and coarse silt grains 
of microcline highly altered . Total less 
than 5%. 
3. Metamorphic rock fragments: quartzite, 
quartz-mica and mica schists . Most smaller 
than quartz but some coarse silt grains, 
subangular to roµnd . Total less than 5%. 
Clay intraclasts: angular to round, medium 
sand to fine silt, normally more iron -
stained than matrix. Total less than 5%. 
D. Slide shows minute cross-bedding with f i ne lamin -
ation, alternating laminae composed of silt and 
clay. Orientation of mica hash is good . Bed -
ding disrupted, possibly by burrowing . Green 
reduction spots show only removal of iron -
staining. The grains are coated with clay . 
I. B- 10 - b - 2, sampled 3 . 3 feet above base of outcrop
. 
II. Calcitic, dolomitic, intraclast-bearing, illite
-
chlorite clay-shale . 
III. Slightly fissle green claystone. 
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The grains are angular to subround . 
B. Carbonate: Few recognizable rhombs of do
lomite . 
Most carbonate in discrete, indistinguishable
 
layers. X- ray studies show i t to be predomin
-
ately calcite, minor dolomite . Tota l less th
an 
50 %. 
C. 1. Quartz: straight to strongly undulos
e ex -
tinction, mostly slightly undulo s e . Most 
grains contain vacuoles . 
2. Feldspar: microcline, plagioclase, ortho
-
clase, most fresh to slightly altered, few 
coarse silt grains of orthoclase highly 
vacuolized. Total less than 2% . 
3. Metamorphic rock fragments: Quartzite an
d 
quartz-mica schist. Total trace . 
Clay intraclasts: round to elongate i ntra -
clasts, may contain finely divided c arbon -
ate, 2.75 0 to 4.5 0. Total less than 5%. 
D. This rock is almost a limestone, it is co
mposed 
of alternating layers of clay and coarse car -
bonate . Coarse silt grains are scattered un i
-
formly over the slide but finer grains tend t
o 
be concentrated in the clay layers. The lay-
ers are irregular and discontinuous . 
C-3 - b, Bed "Y", 24.8 feet above base of outcr
op, 
sectioned perpendicular to bedding . 
II. Coarse siltstone: dolomitic, quart z - o
vergrowth 
cemented, immature, feldspathic, calcarenitic
 
orthoquartzite . 
III. Thin - bedded, light gray - green siltsto
ne . 
IV. A. Grain size: extreme 3.5 0 to clay size; 1
6 - 84%, 
4.30 to 5.8 0; mean, 4.94 0 . Poorly - sorted, 
fine-skewed, slightly trimodal distribution. 
The grains are angular to subangular. 
B. 1 . Dolomite: two types - minute granul
ar c oat -
ing between grains, silt-sized anhedra and 
well-shaped rhombs replacing matrix , Some 
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replacement of quartz and feldspar . Total 
less than 20%. 
2. Quartz-overgrowths: moderately developed
 
but minor amount of cement, form inter -
locking mosaic, no euhedral faces . 
C. 1 . Quartz: Straight to strongly undulat
ory 
extinction, minor composite grains, most 
slightly undulatory. Many grains have 
vacuoles, some have microlites . 
2. Feldspar: orthoclase, plagioclase, trace
 of 
microcline. Unaltered, angular to sub-
angular, trace of partially altered, 
rounded plagioclase. Total less than 5%. 
3. Metamorphic rock fragments: stretched co
m-
posite quartz, chlorite and muscovite 
schists, and quartz-mica schists. Sub-
angular to subround, smaller than average 
quartz grains. Total less than 2%. 
Micas: abundant muscovite, moderate chlor-
ite, trace biotite. 
Carbonate Intraclasts: elongate, carbonate 
and carbonate-clay mud flakes, microgranu-
lar. 
D. There is evidence of bedding in the form 
of minor 
alignment of mica hash, crude alignment of ma
ny 
of the carbonate intraclasts, and ilty zone s
< 
Most, however, are disrupted . 
I. C-6-d-3, sampled 5 feet below top of ou
tcrop . 
II. Medium sandstone: dolomitic, submatur
e perthite 
arenite . 




Grain size : 
ly sorted . 
2mm to clay size, mean 2 . 0 0 . Poor-
The grains are angular to subround . 
B. Dolomite: silt to sand-sized anhedra as 
well as 
microgranular cement, some anhedra contain 
clay . Some replacement of feldspar and trace
 




C. 1. Quartz: most straight to slig
htly undula-
tory, some strongly undulatory, patchy
 
extinction. Many grains have trails o
f 
vacuoles (fractures), few microlites, 
trace-zircon and apatite inclusions. 
40% . 
2 . Feldspar: perthite, some antipert
hite, 
trace of plagioclase, partially altered
 to 
highly vacuolized. Some microcline re
cog-
nizable in perthite . 60%. 
3. Approximately ~ of elastic grains 
are per-
thite granite fragments, trace of myrm
kite . 
D. In most cases the grains are separ
ated from the 
coarse carbonate by a thin layer of cl
ay and 
finely divided carbonate. The mineral
ogy of 
this slide is different from the bulk 
of the 
other material in that the elastic frag
ments 
are obviously derived from the Wichita
 Moun -
tains. 
C-9-c, Bed "W", sampled 19.5 feet abov
e base of the 
outcrop, sectioned perpendicular to be
dding . 
II. Medium siltstone: dolomitic, i
mmature, feldspathic 
orthoquartzite , 
III. Very thin - bedded, light gray-g
reen, slightly fr i able 
siltstone . 
IV. A. Grain size: extreme, 0 . 5 0 to cla
y size; 
16 - 84 %, 4.28-6 . 45 0; mean, 5 . 11 0 . Poorly 
sorted, fine-skewed, trimodal distribu
tion . 
The grains are angular to subround. 
B. Dolomite: microgranular cement, t
race of silt -
sized anhedra and rhombs, moderate rep
lacement 
of quartz . Total 20 %. 
C. 1 . Quart z : straight to strongly 
undulatory 
extinction, mostly slightly undulatory
. 
2 . Feldspar: orthoclase, plagioclase
, trace 
microcline. Most orthoclase and plagi
o -
clase moderately to highly altered, mi
cro -
cl i ne smaller and fresher . One grain,
 
c ombined perthite and Carlsbad tw i n, 
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p r e s ent i n sl i de, medium sand , s l ight ly 
altered , angular. Tot a l le s s than 5% , 
3. Metamorphic rock fragments : qua r t zi te an
d 
quartz-mica schist . Total trace . 
D. Lamination good but disrupted. Some orie
ntati on 
of mica, pronounced concentrat i on of silt in 
laminae, carbonate mud streaks, some cros s -
bedding. 
I. C-9-f, Bed "X", sampled 52 feet above b
ase of the 
outcrop, sectioned perpendicular to bedding , 
II. Coarse siltstone: dolomitic, immature
 subarko s e . 
III. Very thin-bedded, light tann i sh-gray 
s i lt s tone , 
IV. A. Grain size: extreme, 3.0 0 to clay siz e; 16 - 84
%, 
4.20-5 .7 0 0; mean, 4 . 80 0 . Poorly s o r t e d , f ine -
skewed, trimodal distribution , The gr ains a r
e 
angular to subround . 
B. Dolomite: microgranular c ement, mino r am
ount of 
silt - sized rhombs and anhedra, mino r r eplac e -
ment of quartz. Total 20 %, 
C. 1 . Quartz: Straight to strongly undula
tory , 
trace of compos i te gra i n s , mo s t ly sli ghtly 
undulatory extinction . Many gra ins have 
thin clay coating. Most a r e clea r , few 
have vacuoles or microlites, tr a c e of zir-
con inclusions. 
2. Feldspar: orthoclase, plag i oclas e , mi no r
 
microcline, orthoclase mo r e alt e red than 
plagioclase, microcline mostly f re sh, 
large grains more altered than s ma l l . 
Total 5- 10 %. 
3. Metamorphic rock fragments : qua r t zi te an
d 
quartz - mica schist s. Total t race , 
D. Evidence of bedding is moderate: a li gnm
ent of 
micas, concentration of s i lt in some lam i nae
, 
mud and carbonate in others . Some cros s -




C-9-j, Bed "Y", sampled 69 . 3 feet above base 
of out -
crop, sectioned perpendicular to bedding . 
II. Coarse siltstone: dolomitic, quartz -
and f eld s pa r -
overgrowth cemented, immature, calcarenitic, 
f eld-
spathic orthoquartzite. 
III. Thin-bedded, ripple-marked, light gra
y s iltstone . 
IV. A. Grain size: extreme 3 . 0 0 to clay si ze; 16 - 8
4 %, 
4.25-5.10 0; mean 4.60 0. Poorly so r t e d, fine -
skewed, trimodal distribution . The gr ains ar
e 
angular to subangular. 
B. 1 . Dolomite: both granular, micritic do
lom i te 
and silt-size anhedra and rhombs . Total 
20%. Some replacement of quartz and f eld -
spar by dolomite . 
2. Quartz-overgrowths: faint, small port i on
 of 
the cement, commonly enclose minute c a r -
bonate crystals along grain boundarie s , 
clear, no growth stage s . 
3. Feldspar-overgrowths: very faint, trace
. 
C. 1. Quartz: straight to strongly undula
tory ex -
tinction, some composite grains, most 
slightly undulatory. Some grains have 
vacuoles and some have microlites . 
2. Feldspar: plagioclase and orthoclase . 
Angular to subangular, most fresh, some 
altered, trace highly altered . Total 
less than 5%. 
3. Metamorphic rock fragments: quart z- chlor
-
ite schist, mica schist, trace quart z ite . 
Smaller than quartz grains . Total le ss 
than 2 % .
Carbonate intraclasts: r ound carbonate 
balls and some elongate carbonate - clay 
flakes. 
D. Lamination is prominent - some alignment 
o f mi ca 
hash; placer concentrations of magnetite, 
leucoxene, and hematite; concentrat i on of 
intraclasts and silt in separate layers . Bu
r -




C-9-m, Bed "Zb", sampled 85.3 feet above 
base of 
outcrop, sectioned perpendicular to beddin
g . 
II. Medium siltstone: dolomitic, imma
ture orthoquartz -
ite. 
III. Very thin to thin-bedded, light g
ray siltstone . 
IV . A. Grain size: extreme, 3.25 0 to clay s
ize : 
16-84%, 4.55-6.67 0; mean, 5 , 48 0 . Poorly 
sorted, fine-skewed, bimodal distribution
. 
The grains are angular to subround . 
B. 1. Dolomite: microgranular cement a
nd silt-
sized rhombs and anhedra . Some replace-
ment of quartz. Total 25%. 
2. Quartz-overgrowths: vague, trace pre
sent, 
carbonate inclusions along grain boundary
. 
C. 1. Quartz: most slightly to strongl
y undula -
tory, trace straight extinction and com-
posite grains. Some grains have thin c la
y 
coating. Most have vacuoles, few clear . 
2 . Feldspar: plagioclase, trace of orth
oclase 
and microcline, most fresh, largest grain
s 
more altered than smallest, orthoclase 
more altered than plagioclase . Total les
s 
than 2%. 
3 . Metamorphic rock fragments: quartz-c
hlorite 
schist, quartzite. Smaller and more 
rounded than quartz . Total le ss than 2% .
 
D. Evidence of bedding scarce, limited t
o poor 
alignment of mica flakes and traces of ca
rbon -
ate and clay mud flakes in crude alignmen
t . 
Silt not concentrated in laminae . 
I . C.H. Al-1-6, sampled 109 feet above
 base of core, 
sectioned parallel to bedd i ng . 
II. Coarse siltstone: dolomitic, imm
ature, i ntraclast-
bearing orthoquartzite . 
III. Thinly laminated, green, slightly
 friable siltstone . 
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IV. A. Grain size: 3.5 0 to clay size; intraclas
ts 
1.0-4.5 0. Poorly sorted. The grains are 
angular to subround. 
B. 1. Dolomite: mostly euhedral rhombs and
 some 
anhedra from 4 to 8 0. Minor replacement 
of quartz. Total less than 15%. 
2. Quartz-overgrowths: trace, faint, no grow
th 
stages. Some have carbonate inclusions. 
C. 1. Quartz: straight to strongly undulat
ory ex-
tinction, mostly slightly undulatory, 
trace composite. Most grains have vacu -
oles, few clear. Trace of sericit i zation. 
2. Feldspar: orthoclase, plagioclase, micro
-
cline. Mostly fresh, a few grains sl i ght-
ly altered. Total trace. 
3. Metamorphic rock fragments: quartzite, 
quartz-chlorite schist . Total trace . 
Intraclasts: mainly rectangular and poly -
gonal with trace of rounded areas, com-
posed of oriented clay. Trace of silt 
and only minor carbonate. 
D. Silt is concentrated between intraclasts .
 Some 
fractures in intraclasts, possibly dessicatio
n 
cracks. The silt grains are clay coated. 
I. C.H. Al-2-5, sampled 136 feet above bas
e of core . 
II. Argillaceous, very finely crystalline,
 intraclasti c , 
feldspathic dolomite. 
III. Blocky, soft, red shale. 
IV. A. Grain size: (terrigenous grains) 
3 . 75 0 to clay 
size, (intraclasts) 1 . 5-4 . 5 0 . Poorly sorted . 
The grains are angular to subround . 
B. Carbonate extensively recrystalli zed . In
tra -
clasts identified by higher concentrat i on of 
iron-staining, lower silt content, and micro-
granular texture. Intraclasts angular to 
round, somewhat flattened . Mi nor replacement
 
of quartz. 
c. 1 . Quartz: straight to strongly undulo s e 
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extinction, mostly slightly undulose . 
Most grains have vacuoles or microlites, 
few clear. 
2 . Feldspar: plagioclase, orthoclase, trace 
microcline, most grains fresh, some slight-
ly altered. Total less than 5%. 
3. Metamorphic rock fragments : quartzite and 
quartz-mica schist. Total less than 2% . 
D. This rock was probably composed of carbonate 
intraclasts in a matrix of silt, clay, and 
micrite. Iron-staining is present but the 
matrix is noticeably less stained than the 
intraclasts. Burrowing is probably indicated 
as large areas are uniformly mixed. Recrys-
tallization is extreme. 
I. C.H. Al-2-13, sampled 65.5 feet above base of cor
e, 
sectioned perpendicular to bedding. 
II. Dolomitic, gypsiferous, immature orthoquartzite 
mud-
stone. 
III. Laminated, light and medium green shale. 
IV. A. Grain size: 4.5 ~ to clay size; mean, fine 
silt . 
Poorly sorted. The grains are angular to sub-
angular. 
B. 1. Dolomite: silt-sized anhedra and r hombs, 
uniform distribution throughout slide. 
Total less than 15%. 
2. Gypsum: mostly large-scale satin spar re -
placement areas, minor gypsum fibers 
throughout matrix. Minor. 
C. 1. Quartz: slightly to strongly undulatory 
extinction, trace composite grains . Most 
clear, some with vacuoles. 
2. Feldspar: plagioclase, some orthoclase, 
most fresh. Total trace. 
D. Lamination in the hand specimen is p r ominent 
but minor in thin section. A few streaks of 
opaque material and silt are present , Good 
orientation of mica flakes. 
